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APPEAL BRIEF 



Appellant files this brief in support of an appeal to the Board of Patent Appeals 
and Interferences from the Examiner's Office Action of 19 October 2006. The 19 
October 2006 Office Action is not a final action; however, the Examiner has thriced 
rejected ail of this application's pending claims (claims 1-67). In both the 1 July 2005 
and 22 March 2006 Office Actions, Claims 1-4, 6-13 and 17-23 were rejected under 35 
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U.S.C. § 102(b) as allegedly being anticipated by U.S. Patent 5,874,155 ("Gehrke et 
al"}; Claim 5 was rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Gehrke et aL; and Claims 14-16 and 24-67 were rejected under 35 U.S.C. § 103(a) 
as aiiegediy being unpatentable over Gehrke et al. in view of U.S. Patent 5,783,266 
("Gehrke"), On 21 June 2006, applicant filed a Notice of Appeal and a Pre-Appeal Brief 
Request for Review, in response, the Pane! reopened prosecution. In the next (19 
October 2006) Office Action. Claims 1-13 and 17-23 were rejected under 35 U.S.C. § 
103(a) as allegedly being unpatentable over U.S. Patent 5,660,903 ("Andersen"), and 
Claims 14-16 and 24-67 were rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Andersen in view Gehrke. The Examiner and the applicant 
participated in an interview on 9 Febatary 2007, discussing the claimed invention versus 
the prior art of record, specifically whether the prior art reference discloses all of the 
limitations of the claimed invention. The applicant filed a Notice of Appeal and a Pre- 
Appeal Brief Request for Review on 20 February 2007. The 9 April 2007 Notice of Panel 
Decision from Pre-Appeal Brief Review instructed appellant to proceed to the Board of 
Patent Appeals and Interferences and submit an appeal brief. 

Please charge deposit account number 502023 in the amount of $510.00 for the 
fee for filing a brief in support of an appeal. Any deficiency or overpayment should be 
charged or credited to this same deposit account number 502023. A Petition for 
Extension of Time under 37 CFR 1.136(a) is submitted with this appeal brief. As 
requested in the Petition, please also charge deposit account number 502023 in the 
amount of $2,230 for the cost of the Petition for Extension of Time from 9 May 2007 to 9 
October 2007. Once again, any deficiency or overpayment should be charged or 
credited to this same deposit account number 502023. 
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Real Party in Interest 

The real party in interest is Milprint, inc., a wholly-owned subsidiary of Bemis 
Company, inc. 
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Related Appeals and Interferences 

Appellant knows of no prior or pending appeals, judicial proceedings or 
interferences which may be related to, directly affect, be directly affected by or have a 
bearing on the Board's decision in this appeal. Appellant has included a Related 
Proceedings Appendix with the indication "None." 
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Status of Claims 

Each of claims 1-67 is pending and stands rejected. Appellant is appealing the 
rejection of all pending claims (i.e., each of claims 1-67). Appellant has included a 
Claims Appendix containing a complete copy of the claims involved in this appeal. 
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Status of Amendments 

Appellant filed no amendments subsequent to the rejections of each of claims 1- 
87 in the 19 October 2008 Office Action. 
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Summary of the Claimed Subject Matter 

Ciaim 1 and its dependent claims (claims 2-23) are to a flexible multilayer 
packaging film. The film comprises a first film layer, a second film layer, a third fiim layer 
and a fourth film iayer. (Page 18 lines 6-15 and Figure 2 reference numerals 1-4.) The 
first film iayer comprises a biaxially-oriented polymer. (Page 18 iines 6-9.) And the first 
fiim layer has an interna! surface and an opposing externa! surface. (Page 4 lines 11- 
12.) The externa! surface of the first film iayer comprises a surface-roughened portion 
on an external surface of the packaging film. (Page 19 lines 18-20, Page 5 lines 20-22 
and Figure 4 reference numerals 11, 1, 18 and 19.) The second fiim iayer comprises an 
adhesive and is positioned between the first fiim layer and the third film iayer. (Page 18 
lines 9-10.) The third fiim layer comprises a barrier material and is positioned between 
the second film iayer and the fourth fiim layer. (Page 18 fines 11-12.) The barrier 
materia! is polyvinyl aicohol, ethylene vinyl alcohol copolymer, polyvinyl chioride, 
polyvinyl idene chloride, polyvinylidene chloride/methyl acrylate copolymer, poiyamide, 
high density polyethylene, metals, metal oxides, organometallic compounds, ceramics or 
mixtures thereof, {Page 9 lines 15-22 and Page 4 lines 17-22.) The fourth film iayer 
comprises a second biaxially-oriented polymer, (Page 18 lines 13-14.) And the fourth 
fiim layer has an interna! surface and an opposing externa! surface (Page 4 lines 23- 
24.) The externa! surface of the fourth film layer comprises at least one score-iine. 
(Page 20 iines 3-4 and Figure 2 reference numerals 4 and 20.) The surface-roughened 
portion of the first film iayer and the at least one score-line of the fourth film iayer 
intersect at ieast one axis drawn between both the first fiim iayer and the fourth film layer 
such that the at least one axis is perpendicular to the plane of the first film layer or the 
fourth fiim layer when the film is positioned in a lay flat condition. (Page 19 iine 27 - 



Page 9 of 62 



Application No. 10/689,478 

Technology Center/ Art Unit 1772 

Appeal Brief for 20 February 2007 Notice of Appeal 

Response to 19 October 2006 Office Action and 

9 April 2007 Notice of Pane! Decision from Pre-Appeal Brief Review 
Attorney Docket No. 20717 

Page 20 line 2, Page 20 lines 9-13 and Figure 5 reference numerals 18, 19, 1 20, 4, 
22.) 

Cfaim 24 and its dependent claims (claims 25-41} are to a flexible multilayer 
packaging film. The film comprises a first film layer, a second film layer, a third film layer 
and a fourth film layer. (Page 18 lines 6-15 and Figure 2 reference numerals 1-4.) The 
first film iayer comprises a biaxially-oriented polymer which is a polyester, polyolefin, 
polyamide or blend thereof. (Page 18 lines 8-9 and Page 5 lines 15-20.) And the first 
film layer has an internal surface and an opposing external surface. (Pages 4 lines 1 1- 
12.) The first film layer comprises a surface-roughened portion on an external surface. 
(Page 19 lines 18-20, Page 5 lines 20-22 and Figure 4 reference numerals 11, 1, 18 and 
19.) The second film layer comprises an adhesive and is positioned between the first 
film layer and the third film layer. (Page 18 lines 9-10.) The third film layer comprises a 
barrier material and is positioned between the second film layer and the fourth film layer, 
(Page 18 fines 11-12.) The barrier material is a metallic coating having a thickness of 
from about 200-700 A. (Page 10 lines 10-20 and Page 6 lines 7-9.) The fourth film layer 
comprises a biaxially-oriented polymer which is a polyester, polyoiefin, polyamide or a 
blend thereof. (Page 18 lines 13-15 and Page 5 lines 15-20.) And the fourth film layer 
has an internal surface and an opposing external surface. (Page 4 lines 23-24.) The 
external surface of the fourth film layer includes at least one score-line. (Page 20 lines 
3-4 and Figure 2 reference numerals 4 and 20.) The surface- roughened portion of the 
first film layer and the at least one score-line of the fourth film layer intersect at least one 
axis drawn between both the first film layer and the fourth film layer such that the at least 
one axis is perpendicular to the plane of the first film layer or the fourth film layer when 
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the film is positioned in a lay fiat condition. (Page 19 line 27 - Page 20 line 2, Page 20 
lines 9-13 and Figure 5 reference numerals 18, 19, 1, 20, 4, 22.) 

Ciaim 42 and its dependent claims (claims 43-53} are to a flexible multilayer 
packaging film. The film comprises a first film layer, a second film layer, a third film layer 
and a fourth film layer. {Page 18 lines 6-15 and Figure 2 reference numerals 1-4). The 
first film iayer comprises at ieast a biaxialiy-oriented polymer which is a polyethylene 
terephthalate, polypropylene, polyamide or blend thereof. (Page 5 lines 15-20.) The 
first film layer is an outer film iayer. {Page 5 lines 20-22.) And the first film layer has an 
internal surface and an opposing external surface. {Pages 4 lines 11-12.) The external 
surface of the first film layer comprises a surface-roughened portion. (Page 19 lines 18- 
20, Page 5 lines 20-22 and Figure 4 reference numerals 11, 1, 18 and 19.) The second 
film layer comprises an adhesive and is positioned between the first film layer and the 
third film layer. (Page 18 lines 9-10.) The third film layer comprises a barrier material 
and is positioned between the second film layer and the fourth film layer. (Page 18 lines 
11-12.) The barrier materia! is a metallic coating on the externa! surface of the fourth 
film layer. (Page 10 lines 10-11, Page 18 lines 11-13, Page 21 lines 24-27 and Figure 2 
reference numerals 3 and 4.) The metallic coating has a thickness of from about 200- 
700 A. (Page 10 Sines 10-20 and Page 6 lines 7-9.) And the metallic coating is metal, 
metal oxide, organometaliic, ceramic or mixtures thereof. (Page 9 lines 15-22 and Page 
4 lines 17-22.) The fourth film layer comprises a biaxialiy-oriented polymer which is a 
polyethylene terephthalate, polypropylene, polyamide or blend thereof. (Page 5 lines 
15-20.) The fourth film layer is an inner film layer. (Page 5 lines 22-24.) And the fourth 
film layer has an interna! surface and an opposing external surface. (Page 4 lines 23- 
24.) The externa! surface of the fourth film layer includes at least one score-line. (Page 
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20 lines 3-4 and Figure 2 reference numerals 4 and 20.) The surface-roughened portion 
of the first film layer and the at least one score-line of the fourth film layer intersect at 
least one axis drawn between both the first film layer and the fourth film layer such that 
the at least one axis is perpendicular to the plane of the first film layer or the fourth film 
layer when the film is positioned in a lay flat condition. (Page 19 line 27 - Page 20 iine 
2, Page 20 Sines 9-13 and Figure 5 reference numerals 18, 19, 1, 20, 4, 22.) 

Claim 54 and its dependent claims (claims 55-67) are to a package. The 
package comprises a flexible multilayer film. (Page 20 lines 17-18.) The film comprises 
a first film layer, a second film layer, a third film layer and a fourth film layer. (Page 18 
lines 6-15 and Figure 2 reference numerals 1-4.) The first film layer comprises at least a 
biaxially-oriented polymer which is a polyethylene terephthalate, polypropylene, 
poSyamide or blend thereof. (Page 5 lines 15-20.) The first film layer is an outer film 
layer, (Page 5 lines 20-22.) And the first film layer has an internal surface and an 
opposing external surface. (Pages 4 lines 1 1-12.) The external surface of the first film 
layer comprises a surface-roughened portion. (Page 19 lines 18-20, Page 5 lines 20-22 
and Figure 4 reference numerals 1 1, 1, 18 and 19.) The second film layer comprises an 
adhesive and is positioned between the first film layer and the third film layer. (Page 18 
lines 9-10.) The third film layer comprises a barrier material and is positioned between 
the second film layer and the fourth film layer. (Page 18 lines 11-12.) The barrier 
material is a metallic coating on the external surface of the fourth film layer. (Page 10 
lines 10-11, Page 18 lines 11-13, Page 21 lines 24-27 and Figure 2 reference numerals 
3 and 4.) The metallic coating has a thickness of from about 200-700 A. (Page 10 lines 
10-20 and Page 6 lines 7-9.) And the metallic coating is metal, metal oxide, 
organometallic, ceramic or mixtures thereof. (Page 9 lines 15-22 and Page 4 lines 17- 
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22.) The fourth film layer comprises a biaxial ly-oriented polymer which is a polyethylene 
terephthalate, polypropylene, polyamide or blend thereof. {Page 5 lines 15-20.) The 
fourth film layer is an inner film layer. (Page 5 lines 22-24.) And the fourth film layer 
has an internal surface and an opposing external surface. (Page 4 lines 23-24.) The 
externa! surface of the fourth film layer includes at least one score-line. (Page 20 lines 
3-4 and Figure 2 reference numerals 4 and 20.) In addition to the flexible multilayer film, 
the package also comprises at least one first folded side edge, a top first seal edge 
portion, an opposite bottom second sea! edge portion in parallel with the top first seal 
edge portion and a third sea! portion disposed perpendicular between the first seal edge 
portion and the bottom second seal edge portion and parallel with the at least one first 
folded side edge. (Page 20 lines 20-25, Page 21 lines 3-5, Figure 6 reference numerals 
27, 29, 30 and 31 and Figure 7 reference numerals 27, 29, 30 and 35.) The package 
further comprises a tear-initiation area. (Page 20 line 28, Page 21 line 7 and Figures 6 
and 7 reference numeral 32.) Along with the tear-initiation area, the package comprises 
a directional tear zone. (Page 20 lines 28-30, Page 21 lines 7-9 and Figures 6 and 7 
reference numeral 33.) The first folded side edge of the package is superimposed on 
the surface roughening portion of the first film layer of the packaging film. {Page 20 lines 
25-28, Page 21 lines 5-7 and Figures 8 and 7 reference numerals 27 and 18.) 
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Grounds of Rejection to be Reviewed on Appeal 

1 . Whether claims 1-1 3 and 17-23 are patentable under 35 U.S.C. § 1 03(a) over 
Andersen ei al, (U.S. Patent No. 5,660,903) ("Andersen"). Appellant has provided a 
copy of Andersen in the Evidence Appendix. 

2. Whether claims 14-16 and 24-67 are patentable under 35 U.S.C. § 103(a) over 
Andersen in view of Gehrke (U.S. Patent No. 5,783,266) ("Gehrke"). Appellant has 
provided a copy of Gehrke in the Evidence Appendix. 
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Arguments 

Claims 1-13 and 17-23 are patentable under 35 U.S.C. § 103(a) over Andersen, 
and claims 14-16 and 24-87 are patentable under 35 U.S.C. § 103(a) over Andersen in 
view of Gehrke. 

Graham v. Johns Deere Co. of Kansas City , 148 USPQ 459 (1966) provides the 

framework for this analysis: 

While the ultimate question of patent validity is one of law [citation omitted], the § 
103 condition, which is but one of three conditions, each of which must be 
satisfied, lends itself to several basic factual inquiries. Under § 103, the scope 
and content of the prior art are to be determined; differences between the prior 
art and the claims at issue are to be ascertained; and the level of ordinary skill in 
the pertinent art resolved. Against this background, the obviousness or 
nonobviousness of the subject matter is determined. Such secondary 
considerations as commercial success, long felt but unsolved needs, failure of 
others, etc., might be utilized to give light to the circumstances surrounding the 
origin of the subject matter sought to be patented. 

id, at 467. For the present application, the Examiner has failed to correctly conduct an 

adequate Graham analysis. The scope and content of Andersen and Gehrke and the 

differences between Andersen and Gehrke and the claims of the present application 

indicate that the claims of the present application are patentable over Andersen and 

Gehrke. 

I An Accurate Determination Of The General Scope And Content Of 
Andersen And Gehrke Provides The Correct Starting Point And 
Demonstrates That Andersen Is Non-Analogous Prior Art. 

In order to make an adequate assessment of patentability under 35 U.S.C. § 

103(a), an accurate determination of the general scope and content of the prior art is 

essential. 



A. Andersen Generally Discloses A Sheet Having A Highly 
Inorganically Filled Polymer Matrix. 

Andersen seeks to address environmental problems of packaging materials: 
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Recently there has been a debate as to which of these materials (e.g., paper, 
paperboard, plastic polystyrene, glass, or metal) is most damaging to the 
environment. , . , [Tjhe debate should not be directed to which of these materials 
is more or less harmful to the environment, but rather toward asking: Can we 
discover or develop an alternative material which will solve most, if not all, of the 
various environmental problems associated with each of these presently used 
materials? 

(Emphasis added, Coiumn 2 lines 42-44 and Coiumn 4 lines 37-42.) Andersen 

discloses the possibility of highly inorganically filled materials as alternative materials: 

Due to the more recent awareness of the tremendous environmental impacts of 
using paper, paperboard, plastic, polystyrene, and metal's for a variety of single- 
use, mainiy disposable, items such as printed sheets or containers made 
therefrom (not to mention the ever mounting political pressures), there has been 
an acute need (long since recognized by those skilled in the art) to find 
environmentally sound substitute materials, in particular, industry has sought to 
develop highly inorganically filled materials for these high waste volume items. . . 
. [W]hat is needed are improved compositions and methods for manufacturing 
highly inorganically filled organic polymer mixtures that can be formed into sheets 
and other objects presently formed from paper, paperboard, polystyrene, plastic, 
glass, or metal. 

(Emphasis added, Column 5 lines 48-57 and Column 6 lines 28-32.) Andersen defines 

"sheets" as follows: 

The term "sheet" as used in this specification and the appended claims is 
intended to include any substantially flat, corrugated, curved, bent, or textured 
sheet made using the methods described herein. The only essentia! 
compositional limitation is that the structural matrix of at least part of the sheet 
comprises a highly inorganically filled composite having a water-dispersable 
organic hinder. The sheet may include other materials such as paper, organic 
coatings, ink, or other organic materials in addition to the highly inorganically 
filled/organic binder matrix portion. 

(Emphasis added, Coiumn 19 lines 41-50) and explains "highly inorganically filled 

compositions* as follows: 

[H]ighly inorganically filled compositions . , , can generally be described as multi- 
component, multi-scale, fiber-reinforced, micro-composites. By carefully 
incorporating a variety of different materials (including inorganic aggregates, 
organic polymers, and fibers) capable of imparting discrete yet synergistically 
related properties, it is possible to create a unique class or range of micro- 
composites The term "multi-component" refers to the fact that the 
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inorganically filled materials used to make the sheets of the present invention 
typically include three or more chemically or physically distinct materials or 
phases, such as fibers, inorganic aggregate materials, organic aggregate 
materials, organic polymer binders, rheology-modifying materials, hydraulically 

settabie materials, water, other liquids, entrapped gases, or voids {Tfie term 

"micro-composite" refers to the fact that the inorganically filled materials are not 
merely a compound or mixture but a designed matrix of specific, discrete 
materials on a micro-level, which are of different sizes, shapes, and chemical 
make-up. 



(Emphasis added, Column 7 lines 10-20 and Column 17 lines 5-12 and Column 17 lines 

44-48.) Andersen, therefore, discloses a sheet having a highly inorganically filled 

polymer matrix. As explained above, this matrix comprises a water-dispersible organic 

binder with aggregates and fibers. Andersen further explains the water-dispersible 

organic binder as follows: 

The moldable mixtures used to manufacture the highly inorganically filled sheets 
of the present invention develop strength properties through the drying out of a 
substantially soivated water dispersabie organic binder. The moldable mixtures 
first develop workability and flow properties by adding an amount of water to the 
mixture sufficient to lubricate the solid inorganic aggregate particles and fibers, 
and to solvate, or at least disperse, the water-dlspersable organic binder. 
Thereafter, the removal of water, such as by evaporation, allows the water- 
dispersabie binder to develop its maximum strength properties. . . . [T]he total 
amount of organ ics within the hardened sheet will preferably be less than about 
80% by volume of the total solids content, more preferably less than about 40%, 
and most preferably less than about 30%. 

(Emphasis added, Column 23 lines 29-39 and Column 31 lines 28-31} The water- 
dispersible organic binder may comprise polysaccharides and derivatives (e.g., 
cellulose-based materials and derivatives, starch-based materials and derivatives and 
other polysaccharides), proteins and derivatives or synthetic organic materials. (Column 
23 line 62 - Column 24 line 3.) Examples of aggregates include perlite, vermiculite, 
sand, gravel, rock, limestone, sandstone, glass beads, aerogels, xerogels, seagel, mica, 
clay, synthetic clay, alumina, silica, fly ash, fumed siiica, fused silica, tabular alumina, 
kaolin, microspheres, hollow glass spheres, porous ceramic spheres, gypsum dihydrate, 
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calcium carbonate, calcium aiuminate, cork, seeds, lightweight polymers, xonotlite {a 

crystalline calcium silicate gel), lightweight expanded clays, hydrated or unhyd rated 

hydraulic cement particles, pumice, exfoliated rock, and other geologic materials. 

(Column 27 lines 1-10.) And examples of fibers include 

naturally occurring organic fibers, such as ceSluiosic fibers extracted from hemp, 
cotton, plant leaves, wood, or stems, or inorganic fibers made from giass, 
graphite, silica, ceramic, or metai materials. 

(Emphasis added, Column 30 lines 48-51.) The sheets having a highly inorganically 

filled polymer matrix of Andersen are specifically disclosed as an alternative io paper 

and paper slurries: 

Compared to paper, far more inorganic aggregate filler is incorporated into the 
sheets of the present invention. The highly inorganically fiiied sheets of the 
present invention will include inorganic aggregates in an amount of from about 
40% to about 98% by volume of the total solids content of the sheet, more 
preferably from about 50% to about 95%, and most preferably from about 60% to 
about 80%. The fibers which are dispersed within the inorganic/organic binder 
matrix yield a sheet with properties similar to those of tree or vegetable paper, 
such as tensiie, flexural, and cohesive strengths, even though only about 1/50 to 
1/3 as much fiber is used in the present invention. This is due in part to the fact 
that the fibers used in the present invention undergo far less processing than 
fibers used to make paper. (Emphasis added, Column 12 lines 14-28.) 

Besides the inclusion of much higher concentrations of inorganic aggregate 
fiiiers, the present invention differs from conventional paper manufacturing 
processes in a number of ways. First far less water is used in the moidable 
mixtures (less than about 50% by volume) of the present invention compared to 
conventional paper slurries, which typically contain water in an amount of at least 
97% by volume, and even as much as 99.9% water. More importantly, the sheets 
are formed from a highly cohesive, yet moidable mixture rather than an aqueous 
slurry such that once placed into a shape it will generally maintain its shape 
unless further acted upon. Moreover, the moidable mixtures will not shrink more 
than about 10%, and not at all in some cases. Paper slurries, on the other hand, 
will shrink by an amount of 60% or more during the paper-making process. 
Despite the differences in their composition and manufacture, the highly 
inorganically filler sheets of the present invention can be made to have the 
strength, toughness ; flexibility, folding endurance, bendability, and look and feet 
of ordinary paper. {Emphasis added, Column 19 lines 16-35.) 

Conventional paper relies on "web" physics, or intertwining of fibers, to provide 
the structural matrix and mass, as well as the binding, of the paper. However, the 
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matrix of the inorganically filled materials of the present invention relies on the 
bond or interaction between the inorganic aggregate., the organic polymer binder, 
and the fibers, (Emphasis added, Column 17 lines 35-41 .) 

In contrast to conventional paper or paperboard, in which the properties of the 
sheets are extremely dependent on the properties of the puips used, the 
properties of the inorganically filled sheets of the present invention are 
substantially independent of the properties of the fibers used in making the 
sheets. (Emphasis added, Column 38 lines 29-34.) 

[T]he present invention provides the ability to manufacture sheets formed from 
moldable mixtures which contain only a fraction of the water of typical slurries 
used to make paper and which do not require intensive dewatering during the 
sheet forming process. {Emphasis added, Column 78 lines 55-59.) 

B. Gehrke Generally Discloses A Multilayer Film With A Barrier Layer 
Comprising Metal. 

Gehrke seeks to address freshness problems of chewing gum. 

[T]his invention is concerned with a novel film used for packaging individual 
sticks of chewing gum so that the freshness of each individual stick of chewing 
gum or the like is retained for extended periods of time after the overwrap 
packaging has been opened. 

(Emphasis added, Coiumn 1 iines 14-19.) Gehrke discloses a multilayer film with a first 

layer, a second layer and, preferably, a core layer between the first and second layers, 

(Column 3 lines 1-2.) Gehrke further explains the core layer as follows: 

The core layer of the multilayer film is a barrier layer. The barrier can be either a 
metal foil, a thin layer of metai formed by vapor deposition, a vinylidene chloride 
copolymer, MXD6, a xylene group-containing polyamide resin known as nylon 
MXD6, (available from Toyobo or Mitsubishi Gas Chemicals Company,) nySon or 
ethylene vinyi alcohol (EVOH). The preferred barrier material is a metal layer 
formed by vapor deposition which is an inexpensive means for providing an 
oxygen and moisture barrier in a multi-layer laminate. 

(Emphasis added, Coiumn 3 lines 26-35.) 

C. The Accurate Determination Of The General Scope And Content Of 
Andersen Demonstrates That Andersen Is Non-Analogous Prior Art. 

As explained above, Andersen discloses a matrix of aggregates and fibers within 

a water-dispersibie organic polymer binder that addresses environmental issues of 
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packaging materials and presents a specific alternative to paper and paper slurries. 

Andersen uses little or no petroleum-based products or derivatives: 

Unlike the manufacture of plastic or polystyrene, highly inorganically filled sheets 
utilize little o r no petroleum-based products or derivatives as starting materials. 
Thus t although some amount of fossil fuel is necessary to generate the energy 
used in manufacturing the highly inorganically filled sheets, only a fraction of the 
petroleum used in the manufacture of polystyrene or plastic products will be 
consumed overall. 

(Emphasis added, Column 10 lines 17-24.) In Andersen, polymers themselves (as 

opposed to water-dispersible organic polymer binders) are only disclosed as aggregates: 

"Examples of useful aggregates include . . . lightweight polymers " (Column 27 lines 

1-7, excerpts.) Specifically, Examples 37-41 include "plastic spheres 1 ' made from 

polypropylene as aggregate material. (Column 65 line 64 - Column 66 line 22.) 

in sharp contrast, the claimed invention is a flexible multilayer packaging film that 

addresses issues regarding opening packages formed from flexible packaging film: 

[A] flexible packaging film of the present invention may be easily torn apart 
manually when a surface- roughened portion on a first film layer and a score-line 
in a fourth film iayer are configured so that they intersect an imaginary axis drawn 
between both first layer and fourth film iayer and when the imaginary axis is 
perpendicular to the plane of the first film layer or the fourth film layer. In another 
aspect, the present invention relates to a package formed from a flexible 
multilayer film having a tear initiation area which allows the package to be easily 
opened manually without any heavy manual force or cutting means. In still 
another aspect, the present invention relates to a package formed from a flexible 
multilayer film having a controllable tear zone which affords directional control 
during the opening process of the package. 

(Emphasis added, Application as filed. Page 3 line 27 - Page 4 line 6.) The at least four 

layers of the claimed invention comprise predominately petroleum- based products or 

derivatives. As described in claim 1 , the first layer comprises a biaxially-oriented 

polymer; the second layer comprises an adhesive; the third layer comprises material 

selected from polyvinyl alcohol, ethylene vinyl alcohol copolymer, polyvinyl chloride, 

poiyvinylidene chloride, polyvinylidene chloride/methyl acrylate copolymer, poiyamide, 
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high density polyethylene, metals, metal oxides, organometallic compounds, ceramics or 
mixtures thereof; and the fourth iayer comprises a biaxiaiiy-oriented polymer. 

Andersen and the claimed invention are non-anaiogous art. To rely on a 
reference under 35 U.S.C. 103, it must be analogous prior art." (M.P.E.P. §2 141. 01 (a)(1), 
Eighth Edition, August 2001 , Latest Revision August 2006.) As further explained in in re 
Oetiker , 

in order to reiy on a reference as a basis for rejection of the applicant's invention, 
the reference must either be in the fieid of the applicant's endeavor or, if not then 
be reasonably pertinent to the particular problem with which the inventor was 

concerned, [Citation omitted.] We have reminded ourselves and the PTO 

that it is necessary to consider "the reality of the circumstances' [citation omitted] 
- in other words, common sense - in deciding in which fields a person of 
ordinary skili would reasonably be expected to look for a solution to the problem 
facing the inventor. 

(24 USPQ2d 1443, 1445-1446 (Fed. Cir. 1992).) While Andersen and the claimed 

invention relate to packaging materials, Anderson is not in the field of the claimed 

invention's general endeavor. Common sense dictates that a person of ordinary skill in 

the packaging art would not look to a patent addressing environmental issues and 

disclosing a sheet having a highly inorganically filled polymer matrix as an alternative to 

paper and paper slurries (as in Andersen) in order to address issues with opening a 

package formed from flexible packaging film (as in the claimed invention). As explained 

and exemplified in In re Clay , 

Sydansk [a prior art reference applied against the claims of Clay] cannot be 
considered to be within Clay's field of endeavor merely because both relate to 
the petroleum industry. . . . Clays field of endeavor is the storage of refined liquid 
hydrocarbons. The field of endeavor of Sydansk's invention, on the other hand, 
is the extraction of crude petroleum. The Board clearly erred in considering 
Sydansk to be within the same field of endeavor as Clay's. 

(Emphasis in original, 23 USPQ2d 1058, 1060 {Fed, Cir. 1992). As stated in in re Horn- 
Horn, Horn, and Horn , 
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For the teachings of a reference to be prior art under 35 (JSC 103, there must be 
some basis for concluding that the reference would have been considered by one 
skilled in the particular art working on the pertinent problem to which the 
invention pertains. 

(203 USPG 969, 971 (CCPA 1979).) Common sense dictates that Andersen is neither 

in the same field of endeavor as the present application nor is it reasonably pertinent to 

the problem addressed by the present application. As stated by the Court in KSR 

international Co. v. Teiefiex, Inc. , (in an admittedly different yet still relevant context) , 

Rigid preventative rules [e.g., all art related to packaging materials is analogous 
art] that deny factfinders recourse to common sense ... are neither necessary 
under our case law nor consistent with it, 

(82 USPQ2d 1385, 1397 (2007).) Andersen is non-analogous art, and the rejections of 

claims 1-13 and 17-23 as allegedly unpatentable over Andersen and claims 14-16 and 

24-67 as allegedly unpatentable over Andersen in view of Gehrke cannot be sustained. 

li. In Contrast To The Contentions Of The 19 October 2006 Office Action, 
Specific Differences Exist Between The Prior Art And The Claimed 
Invention And Demonstrate That The Claimed Invention Is Patentabie Over 
The Cited Prior Art. 

As outlined in Graham (148 USPG at 467), the differences between the prior art 
and the claimed invention are to be ascertained in making an adequate assessment of 
patentability under 35 U.S.C. § 103(a). In the present instance, such an analysis 
demonstrates thai the 19 October 2006 Office Action contains factual errors as well as 
an incomplete understanding and misunderstandings of the prior art and the claimed 
invention. Furthermore, such an analysis demonstrates that the Examiner failed to 
establish a prima facie case of obviousness and the claimed invention is patentable over 
the cited prior art. 
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A. The 1 9 October 2006 Office Action Contains Factual Errors As Well 
As Incomplete Understanding And Misunderstandings Of The Prior 
Art And The Claimed Invention. 

A claim-by-claim analysis of the 19 October 2006 Office Action demonstrates the 

factual errors and incomplete understanding and misunderstandings it contains. 

Claim 1 

The 19 October 2006 Office Action states that with regard to claim 1, Andersen 
discloses a laminate comprising layers of film. (Paragraph 2, Page 2.) However, in 
actuality, Andersen discloses a sheet having a highly inorganically filled polymer matrix. 
Andersen requires the sheet to be "a highly inorganically filled composite having a water- 
dispersabie organic binder" (Coiumn 19 lines 44-47.) As explained above, the sheet 
having a highly inorganically filled polymer matrix of Andersen comprises an organic 
binder into which aggregates and other materials are incorporated. In sixty pages and 
eighty-seven claims, Andersen uses the term "film" only three times: (1) Claim 49 
provides that the at least one other sheet that is laminated to the sheet of claim 1 may 
be a metallized "film" (Column 81 lines 54-63); and based on the definition of "sheet" 
(and the lack of examples with any variation of a metallized "film"), this metallized "film" 
must be assumed to be a highly inorganically filed polymer matrix with metallized "film" 
as the aggregate, fiber or other component. (2) During the manufacturing process, 
vaporizing water may condense and creates a "thin film of water" between the sheet 
having a highly inorganically filled polymer matrix and the roller. (Column 50 lines 26- 
32,) And (3) the coating process creates a uniform "film" on the surface of the sheet 
having a highly inorganically filled polymer matrix. (Column 56 lines 37-39.) In each of 
these instances the term "sheet" is distinct from and not equivalent to the term "film." 
Andersen does not equate "sheet" with "film." especially not a "flexible multilayer 
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packaging film" required not just by claim 1 but by every claim of the claimed invention. 
The 19 October 2006 Office Action is in error is stating that the two terms are equivalent 
and interchangeable. 

Aiso with regard to ciaim 1, the 19 October 2006 Office Action states that the 
sheets having a highly inorganically filled polymer matrix of Andersen are flexible, 
(Paragraph 2, Page 2.) However, in actuality, upon closer analysis of Andersen, the 
sheets having a highly inorganically filled polymer matrix of Andersen may be flexible or 
stiff and rigid: 

In addition, coatings can be applied to the surface of the sheet for a number of 
reasons, such as to make the sheet more waterproof, more flexible, or to give it a 
glossier surface. (Column 13, lines 46-49.) 

Some sheets should preferably be more flexible, while others will be stiff. 
(Column 38 lines 50-51.) 

As a general rule, inorganically filled sheets which have lower concentrations of 
organic polymer binder and fiber will be more rigid .... {Column 39 lines 61-63), 

Decreasing the amount of aggregate increases the effective amounts of organic 
binder and fibers. Including more aggregate yields sheets which have greater 
stiffness, are more brittle, and have greater compressive strength, increasing the 
amount of fiber and organic binder yields sheets which have greater flexibility, 
toughness, and tensile strength. (Column 64 lines 8-14.) 

The sheet having a highly inorganically filled polymer matrix of Andersen is not required 

to be flexible. However, the flexible multilayer packaging film of the claimed invention is 

required to be flexible not just by claim 1 but by every claim of the claimed invention. 

The 19 October 2006 Office Action is in error is stating that the possibly flexible sheet 

having a highly inorganically filled polymer matrix of Andersen is equivalent to the 

required flexible multilayer packaging film of the claimed invention. 

Additionally with regard to claim 1, the 19 October 2006 Office Action states that 

the sheet having a highly inorganically filled polymer matrix of Andersen comprises a 
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biaxially-oriented polymer. (Paragraph 2, Page 2.) However, in actuality, the highly 

inorganically filled polymer matrix of Andersen may include but does not require oriented 

fibers, Andersen explains as follows: 

It will be understood that fibers are a preferred additive which increases the 
tensile strength, flexibility, ductility, and bendability of the highly inorganically 
filled sheets. Having a relatively high concentration of fibers is particularly 
important where the sheet has been scored and is expected to bend over a 
larger angle. In addition, the properties imparted to the hardened sheets by the 
fibers can be increased by unidirectionally or bidirectionally orienting the fibers 
within the sheet. 

(Emphasis added, Column 14 lines 26-35.) As explained above, the fibers of the sheet 

having a highly inorganically filled polymer matrix of Andersen include 

naturally occurring organic fibers, such as cellulosic fibers extracted from hemp, 
cotton, plant leaves, wood, or stems, or inorganic fibers made from glass, 
graphite, silica, ceramic, or metal materials. 

(Column 30 lines 48-51.) The "polymer (column 7, lines 9-11)" of Andersen (as cited in 

Paragraph 2, Page 2 of the 1 9 October 2006 Office Action) is, in actuality, the water- 

dispersibie organic binder into which the required aggregate and optional oriented fibers 

are combined, in Andersen, the fibers of the sheet having a highly inorganically filled 

polymer matrix, and not the water-dispersible organic binder, are oriented. Andersen 

further explains as follows: 

It should also be understood that certain sheet forming processes, such as 
extrusion and rolling will tend to orient the fibers in the direction of elongation of 
the mixture or sheet. This may be advantageous in order to maximize the tensile 
strength of the sheet in a certain direction. ... It will be understood that the 
extrusion of the moldable mixture through the die head will tend to 
unidirectionally orient the individual fibers within the moldable mixture along the 
"Y" axis, or in the lengthwise direction of the extruded sheet. As will be seen 
herein below, the rolling process will further orient the fibers in the "Y" direction 
as the sheet is further elongated during the reduction process. In addition, by 
employing rollers having varying gap distances in the "Z" direction (such as 
conical rollers) some of the fibers can also be oriented in the "X" direction, i.e., 
along the width of the sheet. Thus, it is possible to create a sheet by extrusion, 
coupled with rolling, which wii! have bidirectionally oriented fibers. 
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(Emphasis added, Column 39 lines 11-15 and Column 47 Sines 5-17.) In contrast, each 

cfaim of the claimed invention requires a biaxial ly-oriented polymer (not fibers) in the first 

film layer and the fourth film layer of a flexible multilayer packaging film. The present 

application defines "biaxially-orieniecf as 

a poiymerweb or sheet which forms a film structure in which the web has been 
eiongated in two directions at elevated temperatures followed by being "set" in 
the elongated configuration by cooling the material while substantially retaining 
the elongated dimensions. This combination of elongation at eievated 
temperature followed by cooling causes an alignment of the poiymer chains to a 
more parallel configuration, thereby improving the mechanical properties of the 
polymeric web. Upon subsequently heating of certain unrestrained, unanneaied, 
biaxially-oriented sheet of polymer to its orientation temperature, heat- shrinkage 
may be produced. Following orientation, the biaxially-oriented polymer web is 
preferably cooled and then heated to an eievated temperature, most preferably to 
an elevated temperature which is above the glass transition temperature and 
below the crystalline melting point of the polymer. This reheating step, which may 
be referred to as annealing or heat setting, is performed in order to provide a 
polymeric web of uniform fiat width. In accordance with the present invention, 
the biaxially-oriented polymer web used to form a film layer is heated to an 
elevated temperature in order to provide a packaging film with an unrestrained 
linear thermal shrinkage in the machine direction and transverse direction of 
between 0-10%, preferably, between 0-5% at 85° C. as measured in accordance 
with ASTM D-27 32-96 test method, which is incorporated herein by reference. 
The biaxially-oriented polymeric web can be annealed or heated to an elevated 
temperature either in-line with (and subsequent to) or off-line from (in a separate 
process) the orientation process. However, an annealing process which is in-line 
with the orientation process is preferred, 

(Emphasis added, Application as Filed, Page 8 line 23 - Page 9 Sine 13.) The biaxially- 
oriented polymer of the claimed invention that is eiongated at elevated temperatures , 
cooled and set, and re-heated and re-set stands in sharp contrast to the biaxially- 
oriented fibers of the sheet having a highly inorganically filled poiymer matrix of 
Andersen that is merely extruded as a moldable mixture and not set. The 19 October 
2006 Office Action is in error in equating biaxially-oriented fibers of the sheet having a 
highly inorganically filled polymer matrix of Andersen with biaxially-oriented polymers of 
the flexible multilayer packaging film of the claimed invention. 
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Also with regard to claim 1 , the 19 October 2006 Office Action states that the 

sheet having a highly inorganically filled polymer matrix of Andersen is laminated to at 

least one iayer of polyamide. (Paragraph 2, Page 2.) Claim 47 of Andersen provides 

that the sheet having a highly inorganically filled polymer matrix may be laminated 

together with at least one other sheet having a highly inorganically filled polymer matrix, 

and claim 49 provides that this other sheet having a highly inorganically filled polymer 

matrix may be a nylon (i.e., polyamide) sheet. (Column 81 lines 54-55 and 58-63.) 

However, based on the definition of sheet (as explained above and in Column 19 lines 

41-50), this other sheet must be assumed to be a matrix with nylon as the aggregate, 

fiber or other component. Andersen does not disclose a polyamide layer as a separate 

barrier layer in a flexible multilayer packaging film. In fact, Andersen is siient on the use 

of barrier materials in general. In sixty pages and eighty-seven claims, Andersen uses 

the term "barrier" on!y three times: 

Fine papers, generally made of bleached pulp, are typically used in applications 
demanding printing, writing, and special functional properties such as barriers to 
liquid and/or gaseous penetrants. {Emphasis added, Column 18 lines 28-31.) 

[I|t is preferable to treat the roller surfaces in order to prevent sticking or 
adhesion of the inorganically filled sheet to the rollers. One method entails 
heating the rollers, which causes some of the water within the moldable mixture 
to evaporate, thereby creating a steam barrier between the sheet and the rollers. 
(Emphasis added, Column 49 lines 57-62.) 

Referring to FIG. 1 A, the side adjacent to the first drying roller is heated by the 
drying roller while the other side is exposed to the air. The heated sheet loses 
water in the form of vapor, which can escape out the sides of the roller or the 
surface of the sheet opposite the roller. The vapor also provides a nonstick 
barrier between the sheet and roller, (Emphasis added, Column 52 lines 32-37.) 

None of these uses of "barrier" is in the same context as a separate barrier layer of a 

flexible multilayer packaging film as in the claimed invention (i.e., as stated in claim 1 of 

the claimed invention, "said third [distinct, separate] film iayer comprises a barrier 
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materia! and is positioned between said second [distinct, separate] film layer and said 

fourth [distinct, separate] film iayer of said film"). The 19 October 2006 Office Action is in 

error in equaling the polyamide incorporated into the sheet having a highly inorganically 

filled polymer matrix of Andersen with a separate barrier layer (possibly of polyamide) of 

the fiexibie multilayer packaging film of the claimed invention. 

Having conducted an analysis that includes the errors outlined above, the 19 

October 2006 Office Action concludes, 

Andersen et a! therefore disclose five layers of the film, each film alternately 
laminated with four layers of polyamide; the laminate therefore comprises a first 
ftlm layer comprising a first biaxially oriented polymer having a surface 
roughened portion on its external surface, a second film layer comprising 
adhesive positioned between the second film layer and third film layer which is a 
polyamide, and therefore a barrier layer, and is positioned between the second 
film layer and fourth film iayer, and a fourth film layer having a second biaxially 
oriented polymer. 

(Paragraph 2, Page 2 ~ Page 3.) However, in actuality, as explained above (1) 
Andersen discloses a sheet having a highly inorganically filled polymer matrix and not a 
film; (2) Andersen discloses a sheet having a highly inorganically filled polymer matrix 
possibly incorporating a polyamide laminated to another sheet having a highly 
inorganically filled polymer matrix and not a film with four separate layers of polyamide 
as barrier layer nor a multilayer film structure with five layers of film (N.B., the flexible 
multilayer packaging film as claimed comprises one barrier layer, not four barrier layers); 
and (3) Andersen discloses biaxially-oriented fibers incorporated in a water-disperstble 
organic binder not a first or second biaxially-oriented polymer. During the 8 February 
2007 interview, the Examiner commented that because Andersen discloses a film 
laminated to at least one layer of polyamide, Andersen therefore discloses as many 
alternating layers as desirable. The errors in such a comment (i.e., regarding "film" and 
layer") notwithstanding ! the appellant respectfully submits that the Examiner is 
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fabricating a mixture from an erroneous understanding of the components of Andersen 
(and such resulting mixture is not even equivalent to the claimed invention}. As stated in 
Ex parte Clapp (and in line with the KSR , 82 USPQ2d at 1396, where combination and 
modification require "an apparent reason," "some articulated reasoning," "ideniifp cation 
of] a reason;" etc), 

Presuming arguendo that the references show the eiements or concepts urged 
by the examiner, the examiner has presented no Sine of reasoning, and we know 
of none, as to why the artisan viewing only the collective teachings of the 
references wouid have found it obvious to selectively pick and choose various 
elements and/or concepts from the several references relied on to arrive at the 
claimed invention, in the instant application, the examiner has done little more 
than cite references to show that one or more elements or subcombinations 

thereof, when each is viewed in a vacuum, is known To support the 

conclusion that the claimed combination is directed to obvious subject matter, 
either the references must expressly or impliedly suggest the claimed 
combination or the examiner must present a convincing line of reasoning as to 
why the artisan wouid have found the claimed invention to have been obvious in 
light of the teachings of the references. We find nothing in the references that 
would expressiy or impliediy teach or suggest the modifications urged by the 
examiner. Additionally, as aforementioned, we find no line of reasoning in the 
answer, and we know of none, as to why the artisan wouid have found the 
modifications urged by the examiner to have been obvious. Based upon the 
record before us, we are convinced that the artisan would not have found it 
obvious to selectively pick and choose elements or concepts from the various 
references so as to arrive at the claimed invention without using the claims as a 
guide. 

(Emphasis added, Ex parte Ciapp. 227 USPQ 972, 973 (Bd. Pat. App, & Int. 1985},) In 
this instance, the appellant respectfully submits thai the Examiner has conducted an 
impermissible and inaccurate "picking and choosing" of elements to somehow arrive at 
the claimed invention. 

The "picking and choosing" approach is further exemplified by the 19 October 
2006 Office Action's incomplete understanding and misunderstanding of the 
fundamental, essential aspect of the claimed invention. The 19 October 2006 Office 
Action states 
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Andersen et a! fail to disclose a surface - roughened potion and score Sine 
intersecting at least one axis drawn between the first film layer and fourth film 
layer when the film is in a Say fiat condition. However, as stated above, Andersen 
et ai disciose the score iines for bending the film. Therefore, one of ordinary skill 
in the art wouid have recognized the utility of varying the position of the score line 
to obtain the desired bending. Therefore, the bending wouid be readiiy 
determined by through routine optimization of the position of the score line by 
one having ordinary skiSI in the art depending on the desired use of the end 
product as taught by Andersen et ai. If therefore wouSd be obvious for one of 
ordinary skill in the art to vary the position of the score Sine, and therefore the 
degree of intersection, in order to obtain the desired bending, since the bending 
would be readily determined through routine optimization by one having ordinary 
skill in the art depending on the desired end result as shown by Andersen et ai. 

(Paragraph 2, Page 3.) Andersen does disclose a sheet having a highiy inorganicaliy 

fiSSed polymer matrix wherein the sheet may be textured or roughened: 

The finishing roSSers can also impart a textured or roughened finish to the sheets. 
(Column 13 lines 36-37.) 

in other embodiments, the finishing rollers can impart a desired texture such as a 
meshed or checkered surface. Instead of using a hard and a soft roller, rollers 
which can imprint the sheets with the desired finish may be used, if desired, the 
rollers can imprint the surface of the sheet with a Sogo or other design. Special 
rollers capable of imparting a water mark can be used alone or in conjunction 
with any of these other rollers. The extruder rollers, reduction rollers, or 
compaction rollers may contain means for producing a water mark by either 
producing a raised or depressed area within a sheet passing therethrough. 
(Column 54 line 66 - Column 55 line 9.) 

Andersen also does disciose a sheet having a highly inorganically filled polymer matrix 

wherein the sheet may be scored: 

The sheet can also be optionally scored, score cut, or perforated while in a 
slightly moistened or even in the dry condition in order to create a line within the 
structural matrix upon which the sheet can later be bent. 

(Column 13 lines 40-43.) And Andersen does disclose one sheet having a highly 

inorganicaSSy filled polymer matrix possibly laminated to another sheet having a highiy 

inorganicaliy filied polymer matrix. (Claim 47, Column 81 lines 54-55.) During the S 

February 2007 interview, the Examiner commented that because one sheet having a 

highiy inorganically filled polymer matrix could be surface-roughened and one sheet 
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having a highly inorganically filled polymer matrix could be scored, the user of the sheet 

would have their own use and could put the score line and the surface-roughened 

portion wherever desired. The appellant respectfully submits that this is, once again, 

impermissible and inaccurate "picking and choosing'" of elements to somehow arrive at 

the claimed invention. In Andersen, the scoring (used for bending the sheet having a 

highly inorganically filled polymer matrix) and the texturing or roughening (via imprinting 

a logo, watermark or other design on the sheet having a highly inorganically filled 

polymer matrix) are done to the same sheet. As stated in Column 13 line 40, "The sheet 

can also be optionally scored . . ." (Emphasis added.) Andersen makes no mention of 

one sheet having a highiy inorganically filled polymer matrix having a score line 

laminated to another sheet having a highly inorganically filled polymer matrix with 

texturing or roughening. And Andersen makes no mention of the two (the scoring and 

the texturing or roughening) working in concert to address issues regarding opening 

packages formed from flexible multiiayer packaging film. Andersen does not disclose 

and does not even intimate a flexible multilayer packaging film with a first film layer 

having a surface- roughened portion on an external surface and a fourth film layer having 

a score line on an external surface such that the surface- roughened portion and the 

score Sine intersect at least one axis drawn between both the first film layer and the 

fourth film layer wherein the at ieast one axis is perpendicular to the plane of the first film 

layer or the fourth film layer when the film is positioned in a lay flat condition. This 

opening feature is the essence of the claimed invention. Such an arrangement 

addresses the issue of opening packages formed from flexible multilayer packaging film. 

As stated in the present application, 

[A] flexible packaging film of the present invention may be easily torn apart 
manually when a surface- roughened portion on a first film layer and a score-line 
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in a fourth film layer are configured so ttiat they intersect an imaginary axis drawn 
between both first layer and fourth film layer and when the imaginary axis is 
perpendicular to the plane of the first film layer or the fourth film layer, in another 
aspect the present invention relates to a package formed from a fiexibie 
multilayer film having a tear initiation area which allows the package to be easily 
opened manually without any heavy manual force or cutting means. In still 
another aspect the present invention relates to a package formed from a flexible 
multilayer film having a controllable tear zone which affords directional control 
during the opening process of the package. 

(Application as filed, Page 3 line 27 - Page 4 line 6.) Andersen makes no mention of the 

score line and/or texturing or roughening being used for tearing the sheet having a highly 

inorganically filled polymer matrix. In fact, Andersen teaches away from using the sheet 

having a highly inorganically filled polymer matrix to provide a tearing feature: 

The term "deflect" as used in the specification and appended claims with regard 
to the inorganically filled sheet means that the sheet has a structural matrix 
capable of bending and rolling without rupture and change in the finished 
surface. {Emphasis added, Column 41 lines 20-24) 

A clam shell is made using the sheets of Examples 46-64, except that a triple 
reverse hinge is used. That is, a series of three score cuts are cut into the outer 
side of the ciam shell container. Because this decreases the distance thai each 
individual score line has to bend, the resulting hinge can be opened and dosed 
mom times without breaking compared to a single score cut hinge. (Emphasis 
added, Example 69, Column 70 lines 20-26.) 

!VV]hen the prior art teaches away from combining [or modifying] certain known 

elements, discovery of a successful means of combining [or modifying] them is more 

likely to be nonobvious." 1 KSR, 82 USPQ2d at 1395, citing United States v. Adams, 383 

U.S. 39, 51-52 (1966). In contrast to the contention of the 19 October 2006 Office 

Action, merely varying the position of a score line used to obtain desired bending of the 

sheet having a highly inorganically filled polymer matrix of Andersen would not have 

produce the claimed invention. The claimed invention includes a new arrangement and 

produces a new function and therefore should be presumed to be non-obvious absent 
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any factually correct reasoning that is unequivocally independent of hindsight As stated 
in KSR, 

A factfinder should be aware, of course, of the distortion caused by hindsight bias 
and must be cautious of arguments reliant upon ex post reasoning. See Graham, 
383 U.S., at 38 {warning against a "temptation to read into the prior art the 
teachings of the invention in issue" and instructing courts to "'guard against 
slipping into the use of hindsight" ! (quoting Monroe Auto Equipment Co. v. 
Heckethorn Mfg. & Supply Co. . 332 F.2d 406, 412 (CA6 1964})}. 

KSR , 82 USPQ2d at 1397. 

Claim 1 is the broadest ciaim of the claimed invention and addressing the issues 
with the 19 October 2006 Office Action's analysis of this claim is, therefore, also 
applicable to the patentability of each of claims 2-67. In addition, the following provides 
a brief discussion regarding factual errors and incomplete understanding and 
misunderstandings of the prior art and the claimed invention reflected in the 19 October 
2006 Office Action's discussion of some of claims 2-67. 

Claims 2 and 3 

With regard to claims 2 and 3, the 19 October 2006 Office Action states, 

"Andersen ei a! discloses no shrinkage" and cites no passage of Andersen. (Paragraph 

2, Page 3.) The appellant presumes this to mean that Andersen makes no mention of 

shrinkage. However, in actuality, Andersen does discuss shrinkage: 

Another difference between the inorganically filled mixtures used to make the 
sheets of the present invention and slurries used to make paper is that the 
mixtures of the present invention do not significantly decrease in volume or 
length (i.e., compaction or shrinkage) from the beginning to the end of the 
manufacturing process. This is a radical departure from paper slurries, which are 
greatly reduced in volume due to the extensive dewatering that occurs. Although 
much of the water within the moldable mixtures of the present invention is 
removed by evaporation, the nature of the mixture is such that the spaces once 
occupied by water remain, either as empty voids or partially filled by the organic 
polymer binder, (Emphasis added, Column 10 lines 3-16 } 

Moreover, the moldable mixtures will not shrink more than about 10%, and not at 
all in some cases. Paper slurries, on the other hand, will shrink by an amount of 
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60% or more during the paper-making process. (Emphasis added, Column 19 
lines 27-30.) 

Any materia! with a high specific surface area gives increased drying shrinkage 
and shrinkage defects. (Emphasis added, Column 39 Sines 32-33.) 

As explained in the above excerpts, any shrinkage of Andersen, minimal though it may 

be, that occurs is due to evaporation of water and not due to linear thermal shrinkage. 

As presented above in the discussion of biaxially-oriented fibers versus biaxially-oriented 

polymers, the present application states, 

Upon subsequently heating of certain unrestrained, unannealed, biaxially- 
oriented sheet or polymer to its orientation temperature, heat-shrinkage may be 
produced. 

(Application as Filed, Page 8 lines 29-30.) Any shrinkage of the flexible multilayer 

packaging film of the claimed invention is due to heating and not to the mere evaporation 

of water. Furthermore, as stated In claims 2 and 3, any shrinkage of the claimed 

invention is measured in accordance with ASTM D-2732-96. This is the "Standard Test 

Method for Unrestrained Linear Thermal Shrinkage of Plastic Film and Sheeting" from 

ASTM International. It is incorporated by reference in the present application (see 

Application as Filed, Page 9 lines 9-10), and a copy is provided in the Evidence 

Appendix, This standard test method explains, 

This test method covers determination of the degree of unrestrained linear 
thermal shrinkage at given specimen temperatures of plastic film and sheeting of 
0.76 mm (0. 030 in.) thickness or less. This test method does not cover shrinkage 
from loss of solvent in some materials, 

(Emphasis added, Section 1.1.) The 19 October 2006 Office Action's discussion of 

claims 2 and 3 reflects incomplete understanding and misunderstanding of not only 

claims 2 and 3 but also of the prior art and the claimed invention overall. 



Page 34 of 62 



Application No. 10/689,478 

Technology Center/ Art Unit 1772 

Appeal Brief for 20 February 2007 Notice of Appeal 

Response to 19 October 2006 Office Action and 

9 April 2007 Notice of Pane! Decision from Pre-Appeal Brief Review 
Attorney Docket No. 20717 

Claim 9 (and Claim 10) 

With regard to claim 9, the 19 October 2006 Office Action states, "Andersen et ai 
disclose a polymer comprising polyamide, as stated above, and therefore disclose a 
biaxially oriented polymer comprising polyamide.''' (Paragraph 2, Page 4.} Claim 9 and 
the related claim 10 of the claimed invention read as follows: 

9. A flexible multilayer packaging film according to Claim 1 , wherein both said 
first biaxially-oriented polymer and said second biaxially-oriented polymer are 
selected from the group consisting of a polyester, a polyolefin, a polyamide, and 
a blend thereof. 

10. A flexible multilayer packaging film according to Claim 1, wherein both said 
first biaxially-oriented polymer and said second biaxially-oriented polymer are 
selected from the group consisting of a polyethylene terephthalate. a 
polypropylene, a polyamide, and a blend thereof. 

(Emphasis added.) As discussed above, Andersen discloses a sheet having a highly 

inorganically filled polymer matrix possibly laminated to another sheet having a highly 

inorganically filled polymer matrix, and this other sheet may be a nylon (i.e., polyamide) 

sheet. (Claims 47 and 49, Column 81 lines 54-55 and 58-63.) However, based on the 

definition of sheet (as explained above and in Column 19 lines 41-50), this other sheet 

must be assumed to be a matrix with nylon as the aggregate, fiber or other component. 

Andersen does not disclose a polyamide layer as a separate layer in a flexible multilayer 

packaging film. Additionally, as discussed above, the fibers of the sheet having a highly 

inorganically filled polymer matrix are biaxially oriented. The polymer of Andersen is the 

water-dispersibie organic binder into which aggregate and possibly oriented fibers are 

incorporated. The appellant respectfully submits that it is, once again, impermissible 

and inaccurate "picking and choosing" to assume that the polyamide of the other sheet 

having a highly inorganically filled polymer matrix laminated to the first sheet having a 

highly inorganically filled polymer matrix is polyamide fibers (as the case would need to 
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be for any poiyamide to be oriented in Andersen). Additionally, as explained above, the 

fibers of Andersen are defined as 

naturally occurring organic fibers, such as ceiiulosic fibers extracted from hemp, 
cotton, plant leaves, wood, or stems, or inorganic fibers made from glass, 
graphite, silica, ceramic, or metal materials. 

(Column 30 lines 48-51.) Poiyamide does not appear to fit within this definition. Again, 

the 19 October 2006 Office Action's discussion of claim 9 reflects incomplete 

understanding and misunderstanding of not only claim 9 but also of the prior art and the 

claimed invention overall. 

Claims 12 and 13 

With regard to claims 12 and 13, the 19 October 2006 Office Action states, "the 
barrier material disclosed by Andersen et at is a poiyamide, which is identical to the 
claimed barrier material — " (Paragraph 2, Page 4.) As discussed above, Andersen 
discloses poiyamide neither as a barrier materia! nor as a possible separate, distinct 
barrier layer in a flexible multilayer packaging film. Andersen discloses poiyamide 
merely as a possible aggregate, fiber or other matrix component of a second sheet 
having a highly inorganically filled polymer matrix laminated to a first sheet having a 
highly inorganically filled polymer matrix. Once again, the 19 October 2006 Office Action 
reflects incomplete understanding and misunderstanding of the prior art and the claimed 
invention overall. 

Claims 17 and 22 

With regard to claim 17, the 19 October 2006 Office Action states, "Andersen et 
a! discloses an adhesive that is cold - seal adhesive, because a laminate is disclosed, 
therefore adhered to any surface of the layers." (Paragraph 2, Page 4.) And, with 
regard to claim 22, the 19 October 2006 Office Action states, 'Andersen et al disclose a 
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cold - seal adhesive as discussed above, and therefore disclose a top first sea! edge 

portion and bottom second sea! edge portion comprising a coid - sea! adhesive." 

(Paragraph 2, Page 5.) Andersen's discussion of adhesives in the context of laminating 

sheets having a highly inorganically filled polymer matrix is limited to the following: 

"Some coatings can also be utilized as adhesives or to form laminated sheets." {Column 

58 lines 20-21.) Andersen does not disclose any specific adhesives and, therefore, does 

not disclose any cold-seal adhesives. The appellant respectfully submits that it is, once 

again, impermissible and inaccurate "picking and choosing" to assume that Andersen s 

disclosure of a laminate includes a laminate with a cold-sea! adhesive. As explained in 

the present application, coid- sea I adhesive is a specific adhesive used for a specific 

purpose and is not a general-use adhesive: 

As defined herein, the term "cold-seal adhesive" (also known as a contact 
adhesive) is one that preferentially adheres to itself or a chemically similar 
material under pressure or force without the need for significantly elevated 
temperatures e.g., without the need for temperatures above 50" C. Cold seal 
adhesives are typically nonadhenng or only very slightly adhering to chemically 
dissimilar surfaces at temperatures of about 15" C, to about 50" C. The cold-sea! 
adhesive preferably does not generally stick to uncoated surfaces or to the 
contents placed inside the package. When placed against each other, cold-seal 
adhesives typically require moderate pressure (such as that exerted by fingertip 
pressure) to achieve a bond without the application of significantly elevated 
temperatures. This is, packages may be sealed at room temperature, i.e., about 
20° C. to about 30 s C, and even lower, e.g. 15* C, as well as at temperatures of 
up to about 50 s " C, if the packaged product is not sensitive to such temperatures. 
Thus a cold-seal adhesive as used herein is one that does not require elevated 
temperatures, i.e. , above about 50°C, for activation of its adhesive 
characteristics. This may include, however, co!d-seal adhesives that can be hot 
melt coated, but that do not require the application of heat to form a seal. A 
specific example of a cold-seal adhesive is supplied by Rohm and Haas 
Company, Philadelphia, PA ; U.S.A., and are sold under the trade name Coseal™ 
30081A. As defined herein, the term "cold-seal" refers to the union of a surface 
(or portion thereof) of one fiim to a surface (or portion thereof) of another film or 
of two different portions of a surface of the same film by means of a cold-seal 
adhesive. 
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(Application as Filed, Page 11 Sine 14- Page 12 line 3.) Accordingly, the 19 October 
2006 Office Action's discussion of claims 17 and 22 reflects incomplete understanding 
and misunderstanding of not only claims 17 and 22 but also of the prior art and the 
claimed invention overall. 
Claim 21 

With regard to Claim 21, the 19 October 2006 Office Action states, "the film 
disclosed by Andersen et al is oriented as discussed above." (Paragraph 2, Page 4.) 
However, as discussed above, in actuality, the sheet having a highly inorganically filled 
polymer matrix of Andersen is not in itself oriented. It is only the fibers within the sheet 
having a highly inorganically filled polymer matrix of Andersen that may be oriented. (It 
should also be noted that claim 21 in itself does not include any discussion of the flexible 
multilayer packaging film of the claimed invention being oriented, and the arrangement 
or configuration of the package of claim 21 should not be equated to "orientation.") 

Also with regard to claim 21, the 19 October 2006 Office Action states that the 

sheet Is bent and therefore has an easy opening tear feature and therefore forms a 

package comprising a tear initiation area and a directional tear zone." (Paragraph 2, 

Page 4.) However, as discussed above, in actuality, Andersen makes no mention of a 

bending as a tear feature, a tear initiation area or a directional tear zone. In fact, as 

discussed above, Andersen teaches away from using a sheet having a highly 

inorganically filled polymer matrix to provide a tearing feature: 

The term "deflect" as used in the specification and appended claims with regard 
to the inorganically filled sheet means that the sheet has a structural matrix 
capable of bending and rolling without rupture and change in the finished 
surface. {Emphasis added, Column 41 lines 20-24) 

A clam shell is made using the sheets of Examples 46-64, except that a triple 
reverse hinge is used. That is, a series of three score cuts are cut into the outer 
side of the clam shell container. Because this decreases the distance that each 
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individual score line has to bend, the resulting hinge can be opened and closed 
more times without breaking compared to a single score cut hinge. (Emphasis 
added, Example 69, Column 70 lines 20-26.) 

"[vVJhen the prior art teaches away from combining [or modifying] certain known 

elements, discovery of a successful means of combining [or modifying] them is more 

likeiy to be nonofovious." KSR , 82 USPQ2d at 1395, citing United States v. Adams , 383 

U.S. 39, 51-52 (1966). 

Additionally with regard to claim 21, the 19 October 2006 Office Action states that 

the sheet having a highly inorganically filled polymer matrix is sealable and 

therefore Andersen et al therefore disclose a packaging having a top first edge 
seal portion and an opposite bottom second edge seal portion in parallel with the 
top first edge seal portion and a third sea! portion disposed perpendicular 
between the top first seal edge portion and bottom second seal edge portion and 
parallel to a folded side and at least one first folded side edge superimposed on 
the surface roughened portion on an external surface of the first film layer of the 
package. 

(Paragraph 2, Page 4 - Page 5.) The appellant is confused as to how sealabiiity of a 

film, a sheet or any materia! makes apparent or obvious an arrangement such as that 

described in claim 21 (as referenced by the Examiner above). To add to appellants 

confusion, as support for the sheet having a highly inorganically filled polymer matrix of 

Andersen being sealable, the 19 October 2006 Office Action cites Column 56 lines 9-14, 

which reads as follows: 

It may be preferable to apply coatings or coating materials to the highly 
inorganically filled sheets prepared according to the processes set forth above. 
Coatings can be used to alter the surface characteristics of the sheet in a number 
of ways, including sealing and protecting the sheet or other object made 
therefrom. 

This passage continues, "Coatings may provide protection against moisture, base, acid, 
grease, or organic solvents." (Column 56 lines 14-15,) Andersen does not discuss 
sealing of film layers (or even sheets having a highly inorganically filled polymer matrix) 
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but discusses uses a coating to protect a sheet having a highly inorganically filled 

polymer matrix. As explained in Examples 70, 72, 73, 74, 75 and 76, 

The layer of wax completely seals the surface of the cup to moisture and renders 
it watertight. (Example 70, Column 70 lines 32-33.) 

Similar to the wax in Example 70, the layer of acrylic coating completely seals the 
surface of the cup to moisture and renders it watertight. (Example 72, Column 
70 lines 45-47.) 

As in Examples 70 and 72, the layer of melamine coating completely seals the 
surface of the cup to moisture and renders it watertight. (Example 73, Column 
70 lines 57-59.) 

Cold cups made according to Examples 46, 47, and 64 are coated with a totally 
environmentally benign coating consisting of a mixture of hydroxymethylceliulose 
piasticized with polyethylene glycol. This coating completely seals the surface of 
the cup to moisture and renders it watertight. However, the surface looks even 
more natural and less glossy than cups coated with wax, acrylic, or melamine, 
(Example 74, Column 70 line 65 - Column 71 line 4.) 

Cold cups made according to Examples 46, 47, and 64 are coated with a totally 
environmentally benign coating consisting of poly lactic acid. This coating 
completely seals the surface of the cup to moisture and renders it watertight, 
(Example 75, Column 71 lines 8-11.) 

Cold cups made according to Examples 46, 47, and 64 are coated with a totally 
environmentally benign coating consisting of soy bean protein. This coating 
completely seals the surface of the cup to moisture and renders it watertight. 
(Example 76, Column 71 lines 14-17.) 

Andersen uses "sealing" in a completely different context than the "seal" of claim 21. To 

assert otherwise is impermissible and inaccurate "picking and choosing" of elements to 

somehow arrive at the claimed invention. 

The 19 October 2006 Office Action's discussion of claim 21, particularly the 

elements of sealing, tearing and (allegedly-present) orientation, again reflects 

incomplete understanding and misunderstanding of not only claim 21 but also of the 

prior art and the claimed invention overall. 
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Claims 14-16 and 24-67 

The 19 October 2006 Office Action cites Gehrke for disclosure of a metallic 

coating as a barrier layer in a multilayer film. The 19 October 2006 Office Action states, 

One of ordinary skill in the art would therefore have recognized the advantage of 
providing the metallic coating of Gehrke in Andersen et aL which comprises a 
multilayer film, depending on the desired barrier to oxygen and moisture of the 
end product, 

(Paragraph 3, Page 5.) As explained above, Andersen does not comprise a flexible 

multilayer packaging film equivalent to the flexible multilayer packaging film of the 

claimed invention. Andersen comprises a sheet or sheets having a highly inorganically 

filled polymer matrix. Additionally, Andersen's discussion of metals is limited to metal 

fibers as inorganic fibers or metal sheets having a highly inorganically filled polymer 

matrix laminated to another sheet having a highly inorganically filled polymer matrix: 

35. A sheet as defined in claim 34, wherein the inorganic fibers are selected from 
the group consisting of glass fibers, silica fibers, ceramic fibers, carbon fibers, 
metal fibers, and mixtures thereof, (Claim 35, Column 81 lines 16-19.) 

49. A sheet as defined in claim 47, wherein the at least one other sheet is 
selected from the group consisting of organic polymer sheets, metal foils, fiber 
sheets, ceramic sheets, ionomers, eiastomeric sheets, plastic sheets, cellophane 
sheets, nylon sheets, wax sheets, metallized films, and combinations of the 
foregoing. (Claim 49, Column 81 lines 58-63.) 

By definition, as explained above and in Column 19 fines 41-50, these metal sheets 

having a highly inorganically filled polymer matrix must be assumed to incorporate metal 

as the fiber, as the aggregate within the water-dispersible organic binder or as some 

other component of the highly inorganically filled polymer matrix. Nonetheless, the 19 

October 2006 Office Action further states, 

It therefore would have been obvious for one or ordinary skill in the art at the time 
Applicant's invention was made to have provided for a metallic coating on the 
externa! surface of the layers in Andersen et ai in order to obtain a film that is a 
barrier to oxygen and moisture as taught by Gehrke, 
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(Paragraph 3, Page 6,) As discussed above, in actuality, Andersen does not disclose a 

flexible multilayer packaging film (i.e., a film containing distinct, separate film layers as in 

the claimed invention or even Gehrke). Furthermore, Andersen does not disclose a 

distinct, separate layer (either as a barrier layer or otherwise) as an interna! layer in a 

flexible multilayer packaging film. As stated in claim 24 of the claimed invention, 

said third Him layer comprises a barrier material and is positioned between said 
second film layer and said fourth film layer of said film, said barrier material is a 
metallic coating having a thickness of from about 200-700 A. 

(Emphasis added.) The barrier layer of the claimed invention is not a metallic coating on 

the external surface of a sheet having a highly inorganically filled polymer matrix, as 

would be the instance in the best case scenario combination of Andersen and Gehrke. 

Again, the 19 October 2006 Office Action reflects incomplete understanding and 

misunderstanding of the prior art and the claimed invention overall. 

Also with regard to claims 14-16 and 24-67, the 19 October 2006 Office Action 

states, 

Gehrke fails to disclose a metallic coating having a thickness from 200 ~ 700 
Angstroms. However, Gehrke teaches the selection of the coating depending on 
the desired strength (column 7, lines 53-60), Therefore, one of ordinary skill in 
the art would have recognized the utility of varying the thickness to obtain the 
desired strength. 

(Paragraph 3, Page 6.) However, Column 7 lines 53-60 addresses the thickness of a film 

and makes no mention of the thickness of a metallic coating: 

Throughout this specification, reference is made to multilayer structures, inner 
wrappers, film structures and sheet materials. These structures are the same 
thickness as conventional structures used for similar packaging applications. 
Typical thicknesses of films and film structures [as a whole] can range from about 
0.25 mils to 2.0 mils preferably about 0.75 to about 15 mils. Films thinner than 
about 0.25 mils may not have the strength necessary to perform the required 
function. 
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(Emphasis added, Column 7 lines 53-60.) Once again, the 19 October 2006 Office 

Action reflects incomplete understanding and misunderstanding of the prior art and the 

claimed invention overall. 

B. With The Many Factual Errors, Incomplete Understanding And 
Misunderstandings Of The 19 October 2006 Office Action, The 
Examiner Has Failed To Establish A Prima Facie Case Of 
Obviousness. 

In view of the many factual errors, incomplete understanding and 
misunderstandings it contains, the 19 October 2006 Office Action fails to provide the 
necessary support for the rejection of claims 1-13 and 17-23 under 35 U.S.C. § 103{a) 
as being unpatentable over Andersen and for the rejection of claims 14-16 and 24-67 
under 35 U.S.C, § 103(a) as being unpatentable over Andersen in view of Gehrke. The 
Examiner has failed to establish a prima facie case of obviousness. 

According to the M.P.E.P., to establish a prima facie case of obviousness, the 
Examiner must meet three basic criteria: Either the references cited or the knowledge 
generally available to one of ordinary skill in the art presents some suggestion or 
motivation to modify the reference or to combine references; the modification or 
combination presents a reasonable expectation of success; and the prior art reference or 
references teach or suggest all the claim limitations of the pending application. 
(M.P.E.P. § 2143 Eighth Edition, August 2001, Latest Revision August 2006.) 

The Examiner has provided no factually accurate reason for modifying the sheet 
having a highly inorganically filled polymer matrix of Andersen to obtain the flexible 
multilayer packaging film of the claimed invention. The many factual errors, incomplete 
understanding and misunderstandings of the 19 October 2006 Office Action negate any 
reasons that may somehow have been provided. As referenced above, the Court in 
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KSR reiterated the necessity for the Examiner to identify a reason why a person of 

ordinary skill in the art would have combined or modified the prior art elements: 

Although common sense directs one to iook with care at a patent application that 
claims as innovation the combination [or modification] of two known devices 
according to their established functions, it can be important to identify a reason 
that would have prompted a person of ordinary skill in the relevant field to 
combine [or modify] the elements in the way the claimed new Invention does. 

82 USP0.2d at 1398. As further stated by the Federal Circuit in in re Kahn , 78 USPQ2d 

1329 {Fed. Cir 2006) (and as quoted with agreement by the Court in KSR, 82 USPQ2d 

at 1396), 

Rejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness. See Lee, 277 F.3d 
at 1343-46; Rouffett, 149 F.3d at 1355-59. This requirement is as much rooted in 
the Administrative Procedure Act, which ensures due process and non-arbitrary 
decisionmaking, as it is in §103. See ki at 1344-45. 

Kahn, 78 USPQ2d at 1336. The impermissible and inaccurate "picking and choosing" of 

elements of Andersen or of Andersen and Gehrke to somehow arrive at the claimed 

invention does not represent an apparent, articulated or identified reason for combining 

or modifying prior art elements. 

Additionally, any such modifications of Andersen or of Andersen and Gehrke 

would have no reasonable expectation of success. As explained above, Andersen is 

non-analogous art, A person of ordinary skill in the packaging art would not look to a 

patent addressing environmental issues and disclosing a sheet having a highly 

inorganically filled polymer matrix as an alternative to paper and paper slurries (as in 

Andersen) in order to address issues with opening a package formed from flexible 

multilayer packaging film (as in the claimed invention). Additionally, as explained above, 

Andersen teaches away from using the sheet having a highly inorganically filled polymer 

matrix to provide a tear feature, a tear initiation area or a direction tear zone. There 
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would be no reason to expect that the sheet having a highly inorganically filled poiymer 
matrix of Andersen would succeed as a flexible multilayer packaging film addressing 
issues with opening a package formed from such film. 

Finally, as explained above, the prior art as cited does not teach or suggest all 
the claims limitations of the claimed invention. Andersen does not teach or suggest a 
film. Andersen does not teach or suggest a flexible film. Andersen does not teach or 
suggest a biaxialiy-oriented poiymer layer as a layer of a flexible multilayer packaging 
film. Andersen does not teach or suggest a flexible multilayer packaging film with a 
barrier layer. Andersen does not teach or suggest a first film layer with a surface- 
roughened portion and a fourth film layer with a score line such that the surface- 
roughened portion and the score line intersect at least one axis drawn between both the 
first film layer and the fourth film layer wherein the at least one axis is perpendicular to 
the plane of the first film layer or the fourth film layer when the film is positioned in a lay 
flat condition. Andersen does not teach or suggest unrestrained linear thermal 
shrinkage of a flexible multilayer packaging film. Andersen does not teach or suggest a 
cold-seal adhesive or a cold seal. Andersen does not teach or suggest a tear feature, a 
tear-initiation area or a directional tear zone. Andersen does not teach or suggest a 
scalable flexible multilayer packaging film or a sealable flexible multilayer packaging film 
defining the package as claimed. Gehrke does not teach or suggest a flexible multilayer 
packaging film with a barrier layer with a thickness as claimed. To establish prima facie 
obviousness of a claimed invention, all the claim limitations must be taught or suggested 
by the prior art." (M.P.E.P. §2143.03 Eighth Edition, August 2001 Latest Revision 
August 2006, citing In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974}.) 
Andersen does not teach or suggest all the claims limitations of claims 1-13 and 17-23, 



Page 45 of 62 



Application No. 10/689,478 

Technology Center/ Art Unit 1772 

Appeal Brief for 20 February 2007 Notice of Appeal 

Response to 19 October 2006 Office Action and 

9 April 2007 Notice of Pane! Decision from Pre-Appeal Brief Review 
Attorney Docket No. 20717 

and the best case scenario combination of Andersen and Gehrke does not teach or 

suggest ail the claim limitations of claims 14-16 and 24-67. 

Considering that the Examiner has provided no reason for modifying Andersen or 

the best case scenario combination of Andersen and Gehrke, that such modifications 

would have no reasonabie expectation of success and that all the ciaim limitations of the 

present application are not taught or suggested by Andersen or the best case scenario 

combination of Andersen and Gehrke, the Examiner has failed to establish a prima facie 

case of obviousness, in fact, the claims of the present application are not obvious over 

Andersen and are not obvious over Andersen in view of Gehrke. 

III. Claims 1-13 And 17-23 Of The Claimed Invention Are Patentable Under 35 
U.S.C. § 103(a) Over Andersen, And Claims 14-16 And 24-67 Of The Claimed 
Invention Are Patentable Under 35 U.S.C. § 103(a) Over Andersen In View 
Of Gehrke. 

For an obviousness anaiysis under 35 U.S. C. § 103(a), Graham requires that 
the scope and content of the prior art be determined and that the differences between 
the prior art and the claimed invention be ascertained. Appellant's determination of the 
scope and content of Andersen and Gehrke {the prior art cited in this present 
application) significantly differs from the determination reached by the Examiner. The 
Appellant respectfully submits that the Examiner erred in his determination. Using the 
correct determination of the prior art {as well as the claimed invention) reveals significant 
differences between Andersen and Gehrke and the claimed invention. The Examiner 
has failed to establish a prima facie case of obviousness. In fact, the claims of the 
present application are not obvious in view of Andersen and are not obvious in view of 
Andersen in view of Gehrke. 

Appellant respectfully submits that claims 1-13 and 17-23 of the claimed 
invention are patentable under 35 U.S.C. § 103(a) over Andersen and that claims 14-16 
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and 24-87 of the claimed invention are patentable under 35 U.S.C. § 103(a) over 
Andersen in view of Gehrke. The appellant respectfully requests that the Board of 
Patent Appeals and Interferences withdraw the Examiner's rejection and aiiowthe 

claims. 



Respectfully submitted, 



Date: 9 October 2007 /Christine E. Benter/ 

Christine E. Benter 
Registration No. 51,457 



Bemis Company, inc. 
2200 Badger Avenue 
Oshkosh, Wisconsin 54904 
Telephone: 920-303-7970 
Facsimile: 920-303-7810 
Email: cebenter@bemis.com 
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Claims Appendix 

1 (Rejected). A flexible multilayer packaging film comprising; 

(a) a first fiim layer, a second film layer, a third film layer, and a fourth film layer, 
wherein said first film layer comprises a first biaxialiy-oriented polymer and said first film 
layer has an interna! surface and an opposing externa! surface, wherein said externa! 
surface of said first film layer comprises a surface-roughened portion on an external 
surface of said packaging film; 

(b) wherein said second film layer comprises an adhesive and is positioned 
between said first film layer and said third film layer; 

(c) wherein said third fiim layer comprises a barrier material and is positioned 
between said second film layer and said fourth film layer of said film, wherein said barrier 
materia! is selected from the group consisting of polyvinyl alcohol, ethylene vinyl alcohol 
copolymer, polyvinyl chloride, polyvinyiidene chloride, polyvsnylidene chloride/methyl 
acryiate copolymer, polyamide, high density polyethylene, metals, metal oxides, 
organometailic compounds, ceramics and mixtures thereof; 

(d) wherein said fourth film layer comprises a second biaxialiy-oriented polymer 
and said fourth film layer has an internal surface and an opposing external surface, 
wherein said externa! surface comprises at least one score-line; and 

(e) wherein said surface- roughened portion and said score-line intersect at least 
one axis drawn between both said first fiim layer and said fourth film layer wherein said 
at least one axis is perpendicular to the plane of said first fiim layer or said fourth film 
layer when said film is positioned in a lay flat condition. 

2 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said film has an unrestrained linear thermal shrinkage in the machine direction and 
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transverse direction of between 0-10% at 85° C. as measured in accordance with ASTM 
D-2732-96. 

3 (Rejected), A flexible multilayer packaging film according to Claim 2, wherein 
said film has an unrestrained linear thermal shrinkage in the machine direction and 
transverse direction of between 0-5% at 85° C. as measured in accordance with ASTM 
D-2732-96. 

4 (Rejected). A flexible multilayer packaging film according to Claim 1, further 
comprising a fifth film iayer positioned between said third film iayer and said fourth film 
layer, wherein said fifth film layer comprises an adhesive. 

5 (Rejected). A flexible multilayer packaging film according to Claim 1 : wherein 
said at least one score-line of said fourth film iayer has a depth of from about 50-95% of 
the thickness of said fourth film layer. 

6 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said at least one score-line is continuous. 

7 (Rejected). A flexible multilayer packaging film according to Claim 1 , wherein 
said at least one score-line is non-continuous. 

8 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said at least one score-line is formed by optical ablation 

9 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
both said first biaxiaSSy-oriented polymer and said second biaxially-oriented polymer are 
selected from the group consisting of a polyester, a polyolefin, a polyamide, and a blend 
thereof. 

10 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
both said first biaxially-oriented polymer and said second biaxially-oriented polymer are 
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selected from the group consisting of a polyethylene terephthalate, a polypropylene, a 
poiyamide, and a blend thereof. 

11 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
both said first biaxially-orienied polymer and said second biaxially-oriented polymer are 
the same biaxiaiiy-oriented polymer. 

12 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said barrier materia! is an oxygen barrier and said film has an oxygen transmission rate 
of from about 0.01-1.00 cm 3 /100 in. 2 (0.1550-15.50 cm 3 /m 2 ) as measured in accordance 
with ASTM D-3985-81 test method. 

13 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said barrier material is a water vapor barrier and said film has a water vapor 
transmission rate of from about 0.01- 1.00 g./iOO in.- (0.1550-15.50 cmVm 2 ) as 
measured in accordance with ASTM F-1249 test method. 

14 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said barrier material is a metallic coating on said externa! surface of said fourth film layer 
wherein said metallic coating has a thickness of from about 200-700 A. 

15 (Rejected). A flexible multilayer packaging film according to Claim 14, wherein 
said metallic coating is a material selected from the group consisting of metal, metallic 
oxide, organometallic compounds, ceramic and mixtures thereof. 

16 (Rejected), A flexible multilayer packaging film according to Claim 15, wherein 
said metallic coating comprises aluminum, zinc, nickel, copper, bronze, gold, silver, tin, 
or alloys thereof. 

17 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said external surface of said fourth film layer further comprises a cold-seal adhesive. 
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18 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said first film layer is an outer film layer. 

19 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said fourth film layer is an inner film layer. 

20 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said film has a thickness of from about 0.75-3.5 mils. 

21 (Rejected). A flexible multilayer packaging film according to Claim 1, wherein 
said film further comprises; 

at least one first folded side edge superimposed on said surface-roughened 
portion, a top first sea! edge portion and an opposite bottom second sea! edge portion in 
parallel with said top first seal edge portion, and a third sea! portion disposed 
perpendicular between said top first seal edge portion and said bottom second seal edge 
portion and parallel to said at least one first folded side edge therein defining a package; 
and 

wherein said package comprises a tear-initiation area comprising said surface- 
roughened portion and a directional tear zone comprising said at least one score-line. 

22 (Rejected). A package according to Claim 21 , wherein said fop first sea! edge 
portion, said bottom second seal edge portion, or said third seal edge portion includes a 
cold-sea!. 

23 (Rejected), A package according to Claim 21, wherein said top first sea! edge 
portion, said bottom second seal edge portion, or said third sea! edge portion includes a 
heat- seal. 

24 (Rejected). A flexible multilayer packaging film comprising: 



Page 51 of 62 



Application No. 10/689,478 

Technology Center/ Art Unit 1772 

Appeal Brief for 20 February 2007 Notice of Appeal 

Response to 19 October 2006 Office Action and 

9 April 2007 Notice of Pane! Decision from Pre-Appeal Brief Review 
Attorney Docket No. 20717 

(a) a first film layer, a second film layer, a third film layer, and a fourth film layer, 
wherein said first film layer comprises a first biaxially-oriented polymer selected from the 
group consisting of a polyester, a polyoiefin, a polyamide and a blend thereof, and said 
first film layer has an internal surface and an opposing external surface, wherein said 
first film layer comprises a surface-roughened portion on an external surface of said first 
film layer; 

(b) wherein said second film layer comprises an adhesive and is positioned 
between said first film layer and said third film layer; 

(c) wherein said third film layer comprises a barrier material and is positioned 
between said second film layer and said fourth film layer of said film, said barrier 
materia! is a metallic coating having a thickness of from about 200-700 A; 

(d) wherein said fourth film layer comprises a second biaxially-oriented polymer 
selected from the group consisting of a polyester, a polyoiefin, a polyamide and a blend 
thereof, said fourth film layer has an internal surface and an opposing external surface, 
wherein said external surface includes at least one score-line; and 

(e) wherein said surface-roughened pattern and said score-line intersect at least 
one axis drawn between both said first film layer and said fourth film layer wherein said 
at least one axis is perpendicular to the plane of said first film layer or said fourth film 
layer when said film is positioned in a lay fiat condition. 

25 (Rejected), A flexible multilayer packaging film according to Claim 24, 
wherein said film has an unrestrained linear thermal shrinkage in the machine direction 
and transverse direction of between 0-10% at 85° C. as measured in accordance with 
ASTM D-2732-96. 
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26 (Rejected). A flexible multilayer packaging film according to Claim 25, wherein 
said film has an unrestrained linear thermal shrinkage in the machine direction and 
transverse direction of between 0-5% at 85° C. as measured in accordance with ASTM 
D-2732-96. 

27 (Rejected). A flexible multilayer packaging film according to Claim 24, further 
comprising a fifth film layer positioned between said third film layer and said fourth film 
layer, wherein said fifth film layer is an adhesive. 

28 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said at least one score-line has a depth of from about 50-95% of the thickness of said 
fourth film layer. 

29 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said at least one score-line is continuous. 

30 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said at least one score-line is non-continuous. 

31 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said at least one score-line is formed by optical ablation. 

32 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
both said first biaxially-oriented polymer and said second biaxially-oriented polymer are 
selected from the group consisting of a polyethylene terephthalate, a polypropylene, a 
polyamide and a blend thereof, 

33 (Rejected), A flexible multilayer packaging film according to Claim 24, wherein 
said first biaxially-oriented polymer and said second biaxially-oriented polymer are the 
same biaxially-oriented polymer. 
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34 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said barrier material is an oxygen barrier and said film has an oxygen transmission rate 
of from about 0.01-1.00 cm 3 /100 in, 2 (0.1550-15.50 cm 3 /m 2 ) as measured in accordance 
with ASTM D-3985-81 test method. 

35 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said barrier materia! is a water vapor barrier and said film has a water vapor 
transmission rate of from about 0.01-1.00 g./100 in 2 (0.1550-15.50 cm 3 /nr) as 
measured in accordance with ASTM F-1249 test method. 

36 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said metallic coating is a material selected from the group consisting of metal, metal 
oxide, organometallic. ceramic and mixtures thereof. 

37 (Rejected). A flexible multilayer packaging film according to Claim 36, wherein 
said metallic coating is a material selected from the group consisting of aluminum, zinc, 
nickel, copper, bronze, gold, silver, tin, and alloys thereof. 

38 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said first film layer is an outer film layer and said fourth film layer is an inner film layer. 

39 (Rejected). A flexible multilayer packaging film according to Claim 24, wherein 
said film further comprises; 

at least one first folded side edge superimposed on said surface-roughened 
portion, a top first seal edge portion and an opposite bottom second seal edge portion in 
parallel with said top first seal edge portion, and a third seal portion disposed 
perpendicular between said top first seal edge portion and said bottom second seal edge 
portion and parallel with said at least one first folded side edge therein defining a 
package; and 
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wherein said package comprises a tear-initiation area comprising said surface- 
roughened portion and a directional tear zone comprising said at least one score-line. 

40 (Rejected). A package according to Claim 39, wherein said top first seal edge 
portion, said bottom second seal edge portion, or said third seal edge portion includes a 
cold-seal. 

41 (Rejected). A package according to Ciaim 39, wherein said top first sea! edge 
portion, said bottom second seal edge portion, or said third sea! edge portion includes a 
heat-seal. 

42 (Rejected). A flexible multilayer packaging film comprising; 

(a) a first film layer, a second film layer, a third film layer, and a fourth film layer, 
wherein said first Him layer comprises at least a first biaxialiy-oriented polymer selected 
from the group consisting of a polyethylene terephthalate, a polypropylene, a polyamide, 
and a blend thereof, and said first film layer is an outer film layer and said first film layer 
has an internal surface and an opposing externa! surface, wherein said external surface 
of said first film layer comprises a surface-roughened portion; 

(b) wherein said second film layer comprises an adhesive and is positioned 
between said first film layer and said third film layer; 

(c) wherein said third film layer comprises a barrier material and is positioned 
between said second film layer and said fourth film layer of said film, said barrier 
materia! is a metallic coating on said external surface of said third film iayer, wherein 
said metallic coating has a thickness of from about 200-700 A and said metallic coating 
is a material selected from the group consisting of metal, metal oxide, organometallic, 
ceramic and mixtures thereof and; 
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(d) wherein said fourth film layer comprises a second biaxialiy-oriented polymer 
selected from the group consisting of a polyethylene terephthalate, a polypropylene, a 
poiyamide, and a blend thereof, said fourth film layer is an inner film layer and said 
fourth film layer has an interna! surface and an opposing external surface, wherein said 
externa! surface comprises at least one score-line; and 

(e) wherein said surface-roughened portion and said score-line intersect at least 
one axis drawn between both said first film layer and said fourth film layer wherein said 
at least one axis is perpendicular to the plane of said first film layer or said fourth film 
layer when said film is positioned in a lay flat condition. 

43 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said film has an unrestrained linear thermal shrinkage in the machine direction and 
transverse direction of between 0-10% at 85° C. as measured in accordance with ASTM 
D-2732-96. 

44 (Rejected). A flexible multilayer packaging film according to Claim 43, wherein 
said film has an unrestrained linear thermal shrinkage in the machine direction and 
transverse direction of between 0-5% at 85° C. as measured in accordance with ASTM 
D-2732-96. 

45 (Rejected). A flexible multilayer packaging film according to Claim 42, further 
comprising a fifth film layer positioned between said third film layer and said fourth film 
layer, wherein said fifth film layer is an adhesive. 

48 (Rejected), A flexible multilayer packaging film according to Claim 42, wherein 
said at least one score-line has a depth of from about 50-95% of the thickness of said 
fourth film layer. 
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47 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said at least one score-line is continuous. 

48 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said at least one score-line is non-continuous. 

49 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said at least one score-line is formed by optical ablation. 

50 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
both said first biaxiaily-oriented polymer and said second biaxiaily-oriented polymer are 
the same biaxiaily-oriented polymer. 

51 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said barrier material is an oxygen barrier and said film has an oxygen transmission rate 
of from about 0.01-1 .00 cm 3 /100 in. 2 (0.1550-15.50 cm 3 /m 2 ) as measured in accordance 
with ASTM D-3985-81 test method. 

52 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said barrier materia! is a water vapor barrier and said film has a water vapor 
transmission rate of from about 0.01-1.00 g./100 in, 2 (0.1550-15.50 cm 3 /m 2 ) as 
measured in accordance with ASTM F-1249 test method. 

53 (Rejected). A flexible multilayer packaging film according to Claim 42, wherein 
said metallic coating is a material selected from the group consisting of aluminum, zinc, 
nickel, copper, bronze, gold, silver, tin, and alloys thereof. 

54 (Rejected), A package comprising; 

(a) a flexible multilayer packaging film comprising; 

(i) a first film layer, a second film layer, a third film layer, and a fourth film layer, 
wherein said first film layer comprises at least a first biaxiaily-oriented polymer selected 
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from the group consisting of a polyethylene terephthalate, a polypropylene, a polyamide, 
and a blend thereof, said first film layer is an outer film layer and said first film layer has 
an internal surface and an opposing external surface, wherein said external surface of 
said first film layer comprises a surface-roughened portion; 

(!) wherein said second film layer comprises an adhesive and is positioned 
between said first film layer and said third film layer; 

(iii) wherein said third film layer comprises a barrier material and is positioned 
between said second film layer and said fourth film layer of said film, wherein said barrier 
materia! is a metallic coating on said internal surface of said fourth film layer, wherein 
said metallic coating has a thickness of from about 200-700 A and said metallic coating 
is a materia! selected from the group consisting of metal, metal oxide, organometallic, 
ceramic and mixtures thereof; 

(iv) wherein said fourth fiim layer comprises a second biaxially-oriented polymer 
selected from the group consisting of a polyethylene terephthalate, a polypropylene, a 
polyamide, and a biend thereof, said fourth film layer is an inner film layer and said 
fourth film layer has an interna! surface and an opposing external surface, wherein said 
externa! surface includes at least one score-line; 

(b) wherein said package further comprises at least one first folded side edge, a 
top first sea! edge portion and an opposite bottom second sea! edge portion in parallel 
with said top first seal edge portion, and a third seal portion disposed perpendicular 
between said first seal edge portion and said bottom second seal edge portion and 
parallel with said at least one first folded side edge; 

(c) a tear- initiation area; 

(d) a directional tear zone; and 
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(e) wherein said first folded side edge is superimposed on said surface 
roughening portion of said first film layer of said packaging film. 

55 (Rejected). A package according to Claim 54, wherein said film has an 
unrestrained linear thermal shrinkage in the machine direction and transverse direction 
of between 0-10% at 85° C. as measured in accordance with ASTM D-2732-96. 

56 (Rejected). A package according to Claim 55, wherein said film has an 
unrestrained linear thermal shrinkage in the machine direction and transverse direction 
of between 0-5% at 85° C. as measured in accordance with ASTM D-2732-96. 

57 (Rejected). A package according to Ciaim 54, wherein said film further 
comprises a fifth film layer positioned between said third film layer and said fourth film 
layer, wherein said fifth film layer is an adhesive. 

58 (Rejected). A package according to Claim 54, wherein said barrier material is 
an oxygen barrier and said film has an oxygen transmission rate of from about 0.01-1 .00 
cm 3 /100 in. 2 (0.1550-15.50 cm 3 /m 2 ) as measured in accordance with ASTM D-3985-81 
test method. 

59 (Rejected). A package according to Ciaim 54, wherein said barrier material is 
a water vapor barrier and said film has a water vapor transmission rate of from about 
0.01-1.00 g./100 in 2 (0.1550-15.50 cm 3 /m 2 ) as measured in accordance with ASTM F- 
1249 test method. 

60 (Rejected), A package according to Ciaim 54, wherein said metallic coating is 
a material selected from the group consisting of aluminum, zinc, nickel, copper, bronze, 
gold, silver, tin, and alloys thereof. 

61 (Rejected). A package according to Ciaim 54, wherein said at least one score- 
line has a depth of from about 50-95% of the thickness of said fourth film layer. 
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62 (Rejected). A package according to Claim 54, wherein said at least one score- 
line is continuous. 

63 (Rejected). A package according to Claim 54, wherein said at least one score- 
line is non-continuous. 

64 (Rejected). A package according to Ciaim 54, wherein said at least one score- 
line is formed by optica! ablation. 

65 (Rejected). A package according to Claim 54, wherein said top first seal edge 
portion, said bottom second seal edge portion, or said third sea! edge portion includes a 
cold-seai. 

66 (Rejected). A package according to Ciaim 54, wherein said top first sea! edge 
portion, said bottom second seal edge portion, or said third sea! edge portion includes a 
heat-seal, 

67 (Rejected). A package according to Claim 54, further comprising a second 
folded side edge opposite and parallel to said at least one first foided side edge. 
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SHEETS HAVING A HIGHLY 
INORGANICALLY FILLED ORGANIC 
POLYMER MATRIX 

This application is a continuation of application Ser. No. 
08/152^54, filed Nov. 19, 1993 now U.S. Pat No. 5,508, 
072, which is a continuation-in-part of U.S. Ser. No. 08/101, 
500, filed on Aug. 3, 1993, and a continuation-in-part of U.S. 
Ser. No. 08/095,662, filed on Jul. 21, 1993, now U.S. Pat 
No. 5,385,764, and a continuation-in-part of U.S. Ser. No. 
07/982383, filed on Nov. 25, 1992, now abandoned, and a 
continuation-in-part of U.S. Ser. No. 07/929,898, filed on 
Aug. 11, 1992, now abandoned. Said U.S. Ser. No. 08/101, 
500, U.S. Ser. No. 08/095,662, and U.S. Ser. No. 07/982,383 
are also a continuation-in-part of U.S. Ser. No. 07/982,383, 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

The present invention relates to compositions, methods 
for manufacturing sheets, and articles of manufacture having 
a highly inorganically filled organic polymer matrix. Sheets 
and articles of manufacture having such a matrix can vary 
greatly in thickness, stiffness, flexibility, toughness, and 
strength and can be used in a dry or moist state to form a 
variety of objects, including printed sheets, containers and 
other packaging materials. Such sheets are less expensive 
and are more environmentally friendly than sheets made 
from conventional materials (such as paper, plastic, or 
metal) and are especially useful in the manufacture of 
disposable food and beverage containers used by the fast 
food industry. 

2. Related Applications 

This application is a continuation of co-pending U.S. 
patent application Ser. No. 18/152354 entitled "Sheets 
Having a High Inorganically Filled Organic Polymer 
Matrix," filed Nov. 19, 1993, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson, issued as U.S. Pat 
No. 5,508,072 which is a continuation-in-part of co-pending 
U.S. patent application Ser. No. 08/095,662 entitled 
"Hydraulically Settable Containers and Other Articles for 
Storing, Dispensing, and Packaging Food and Beverages 
and Methods for Their Manufacture," filed Jul. 21, 1993, in 
the names of Per Just Andersen, Ph.D., and Simon K. 
Hodson, now issued as U.S. Pat No. 5385,764. 

This application is also a continuation-in-part of copend- 
ing U.S. patent application Ser. No. 07/982383 entitled 
'Food and Beverage Containers Made from Inorganic 
Aggregates and Polysaccharide, Protein, or Synthetic 
Organic Binders, and the Methods of Manufacturing Such 
Containers" filed Nov. 25, 1992, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson (now abandoned). 

This application is also a continuation-in-part of 
co-pending U.S. patent application Ser. No. 08/101,500 
entitled "Methods And Apparatus For Manufacturing Mold- 
able Hydraulically Settable Sheets Used In Making 
Containers, Printed Materials, And Other Objects," and filed 
Aug. 3, 1993, in the names of Per Just Andersen, Ph.D., and 
Simon K. Hodson, pending. 

Each of these applications is a continuation-in-part of 
U.S. patent application Ser. No. 07/929,898 entitled 
"Cementitious Food And Beverage Storage, Dispensing, 
And Packaging Containers And The Methods Of Manufac- 
turing Same," filed Aug. 11, 1992, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson (now abandoned). 
For purposes of disclosure of the present invention, each of 
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the applications identified in this section are incorporated 
herein by specific reference. 
3. The Relevant Technology 

A. Sheets, Containers, and Other Packaging Materials. 

5 Thin, flexible sheets made from materials such as paper, 
paperboard, plastic, polystyrene, and even metals are pres- 
ently used in enormous quantity as printed materials, labels, 
mats, and in the manufacture of other objects such as 
containers, separators, dividers, envelopes, lids, tops, cans, 

10 and other packaging materials. Advanced processing and 
packaging techniques presently allow an enormous variety 
of liquid and solid goods to be stored, packaged, or shipped 
while being protected from harmful elements. 

15 Containers and other packaging materials protect goods 
from environmental influences and distribution damage, 
particularly from chemical and physical influences. Packag- 
ing helps protect an enormous variety of goods from gases, 
moisture, light, microorganisms, vermin, physical shock, 

2Q crushing forces, vibration, leaking, or spilling. Some pack- 
aging materials also provide a medium for the dissemination 
of information to the consumer, such as the origin of 
manufacture, contents, advertising, instructions, brand 
identification, and pricing. 

25 Typically, most containers and cups (including disposable 
containers) are made from paper, paperboard, plastic, 
polystyrene, glass and metal materials. Each year over 100 
billion aluminum cans, billions of glass bottles and thou- 
sands of tons of paper and plastic are used in storing and 

3Q dispensing soft drinks, juices, processed foods, grains, beer, 
etc. Outside of the food and beverage industry, packaging 
containers (and especially disposable containers) made from 
such materials are ubiquitous. Paper for printing, writing, 
and photocopying, magazines, newspapers, books, 

35 wrappers, and other flat items made from primarily from tree 
derived paper sheets are also manufactured each year in 
enormous quantities. In the United States alone, approxi- 
mately 5V4 million tons of paper are consumed each year for 
packaging purposes, which represents only about 15% of the 

^ total annual domestic paper production. 

B. The Impact of Paper, Plastic, Glass and Metal 
Recently there has been a debate as to which of these 

materials (e.g., paper, paperboard. plastic, polystyrene, 
glass, or metal) is most damaging to the environment 

45 Consciousness-raising organizations have convinced many 
people to substitute one material for another in order to be 
more environmentally "correct." The debate often misses 
the point that each of these materials has its own unique 
environmental weaknesses. One material may appear supe- 

50 rior to another when viewed in light of a particular envi- 
ronmental problem, while ignoring different, often larger, 
problems associated with the supposedly preferred material. 
In fact, paper, paperboard, plastic, polystyrene, glass, and 
metal materials each has its own unique environmental 

55 weaknesses. 

Polystyrene products have more recently attracted the ire 
of environmental groups, particularly containers and other 
packaging materials. While polystyrene itself is a relatively 
inert substance, its manufacture involves the use of a variety 

60 of hazardous chemicals and starting materials. Unpolymer- 
ized styrene is very reactive and therefore presents a health 
problem to those who must handle it. Because styrene is 
manufactured from benzene (a known mutagen and prob- 
ably a carcinogen), residual quantities of benzene can be 

65 found in styrene. 

More potentially damaging has been the use of chlorof- 
luorocarbons (or "CFCs") in the manufacture of "blown" or 
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"expanded" polystyrene products. This is because CFCs 
have been linked to the destruction of the ozone layer. In the 
manufacture of foams, including blown polystyrene, CFCs 
(which are highly volatile liquids) have been used to 
"expand" or "blow" the polystyrene into a foamed material, 
which is then molded into the form of cups, plates, trays, 
boxes, "clamshell" containers, spacers, or packaging mate- 
rials. Even the substitution of less "environmentally dam- 
aging" blowing agents (e.g., HCFC, C0 2 , and pentanes) are 
still significantly harmful and their elimination would be 
beneficial. 

As a result, there has been widespread pressure for 
companies to stop using polystyrene products in favor of 
more environmentally safe materials. Some environmental 
groups have favored a temporary return to the use of more 
"natural" products such as paper or other products made 
from wood pulp, which are believed to be biodegradable. 
Nevertheless, other environmental groups have taken the 
opposite view in order to minimize the cutting of trees and 
depletion of forests. 

Although paper products are ostensibly biodegradable 
and have not been linked to the destruction of the ozone 
layer, recent studies have shown that the manufacture of 
paper probably more strongly impacts the environment than 
does the manufacture of polystyrene. In fact the wood pulp 
and paper industry has been identified as one of the five top 
polluters in the United States. For instance, products made 
from paper require ten times as much steam, fourteen to 
twenty times the electricity, and twice as much cooling water 
compared to an equivalent polystyrene product Various 
studies have shown that the effluent from paper manufac- 
turing contains ten to one hundred times the amount of 
contaminants produced in the manufacture of polystyrene 
foam. 

In addition, a by-product of paper manufacturing is that 
the environment is impacted by dioxin, a harmful toxin. 
Dioxin, or more accurately, 23,7,8-tetrachlorodibenzo[b,e] 
-[l,4]dioxin, is a highly toxic contaminant, and is extremely 
dangerous even in very low quantities. Toxic effects of 
dioxin in animals and humans include anorexia, severe 
weight loss, hepatoxicity, hematoporphyria, vascular 
lesions, chloracne, gastric ulcers, porphyrinuria, porphyria, 
cutanea tarda, and premature death. Most experts in the field 
believe that dioxin is a carcinogen. 

Another drawback of the manufacture of paper and paper 
board is the relatively large amount of energy that is required 
to produce paper. This includes the energy required to 
process wood pulp to the point that the fibers are sufficiently 
delignified and fray that they are essentially self-binding 
under the principles of web physics. In addition, a large 
amount of energy is required in order to remove the water 
within conventional paper slurries, which contain water in 
amounts of up to about 99.5% by volume. Because so much 
water must be removed from the slurry, it is necessary to 
literally suck water out of the slurry even before heated 
rollers can be used to dry the sheet Moreover, much of the 
water that is sucked out of the sheets during the dewatering 
processes is usually discarded into the environment 

The manufacturing processes of forming metal sheets into 
containers (particularly cans made of aluminum and tin), 
blowing glass bottles, and shaping ceramic containers utilize 
high amounts of energy because of the necessity to melt and 
then separately work and shape the raw metal into an 
intermediate or final product. These high energy and pro- 
cessing requirements not only utilize valuable energy 
resources, but they also result in significant air, water and 
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heat pollution to the environment While glass can be 
recycled, that portion that ends up in landfills is essentially 
non-degradable. Broken glass shards are very dangerous and 
can persist for years. 

5 Some of these pollution problems are being addressed; 
however, the result is the use of more energy, as well as the 
significant addition to the capital requirements for the manu- 
facturing facilities. Further, while significant efforts have 
been expended in recycling programs, only a portion of the 

10 raw material needs come from recycling — most of the raw 
material still comes from nonrenewable resources. 

Even paper or paperboard, believed by many to be 
biodegradable, can persist for years, even decades, within 
landfills where they are shielded from air, light, and water — 

ls all of which are required for normal biodegradation activi- 
ties. There are reports of telephone books and newspapers 
having been lifted from garbage dumps that had been buried 
for decades. This longevity of paper is further complicated 
since it is common to treat, coat, or impregnate paper with 

2Q various protective materials which further slow or prevent 
degradation. 

Another problem with paper, paperboard, polystyrene, 
and plastic is that each of these requires relatively expensive 
organic starting materials, some of which are nonrenewable, 

25 such as the use of petroleum in the manufacture of polysty- 
rene and plastic. Although trees used in making paper and 
paperboard are renewable in the strict sense of the word, 
their large land requirements and rapid depletion in certain 
areas of the world undermines this notion. Hence, the use of 

30 huge amounts of essentially nonrenewable starting materials 
in making sheets and objects therefrom cannot be sustained 
and is not wise from a long term perspective. Furthermore, 
the processes used to make the packaging stock raw mate- 
rials (such as paper pulp, styrene, or metal sheets) are very 

35 energy intensive, cause major amounts of water and air 
pollution, and require significant capital requirements. 

Ia light of the foregoing, the debate should not be directed 
to which of these materials is more or less harmful to the 
environment, but rather toward asking: Can we discover or 

40 develop an alternative material which will solve most if not 
all, of the various environmental problems associated with 
each of these presently used materials? 
C. Inorganic Materials 

Man has made great use of essentially nondepletable 

45 inorganic materials such as clay, natural minerals, or stone 
for millennia. Clay has found extensive use because of its 
ready moldability into a variety of articles including 
containers, tiles, and other useful objects. However, some of 
the drawbacks of clay include the time it takes for clay to 

50 harden, the need to fire or sinter clay in order for it to achieve 
its optimum strength properties, and its generally large, 
heavy, and bulky nature. Unfired clay, in particular, has low 
tensile strength and is very brittle. Nevertheless, clay has 
found some use in the manufacture of other materials as a 

55 plentiful, inexhaustible, and low-cost filler, such as in paper 
or paperboard. However, because of the brittle and nonco- 
hesive nature of clay when used as a filler, clay has generally 
not been included in amounts greater than about 20% by 
weight of the overall paper material. 

60 Man has also made extensive use of stone in the manu- 
facture of buildings, tools, containers, and other large, bulky 
objects. An obvious drawback of stone, however, is that it is 
very hard, brittle, and heavy, which limits its use to large, 
bulky objects of relatively high mass. Nevertheless, smaller 

65 or crushed stone can be used as an aggregate material in the 
manufacture of other products, such as hydraulicaily 
settable, or cementitious materials. 



5,6( 

5 

Hydraulically settable materials such as those that contain 
hydraulic cement or gypsum (hereinafter "hydraulically 
settable," "hydraulic," or "cementitious" compositions, 
materials, or mixtures) have been used for thousands of 
years to create useful, generally large, bulky structures that 
are durable, strong, and relatively inexpensive. 

For example, cement is a hydraulically settable binder 
derived from clay and limestone, and it is essentially non- 
depletable and very inexpensive compared to the other 
materials discussed above. Hydraulic cement can be mixed 
with water and an aggregate material such as crushed stone 
or pebbles in order to create concrete. However, concrete has 
found commercial application only in the manufacture of 
large, bulky structural objects. 

Although hydraulically settable materials have heretofore 
found commercial application only in the manufacture of 
large, bulky structural type objects, hydraulically settable 
mixtures have been created using a microstructural engi- 
neering approach which can be molded or shaped into 
relatively small, thin-walled objects. Indeed, such mixtures, 
which were developed by the inventors hereof, have been 
found to be highly moldable and can be extruded and/or 
rolled into thin-walled sheets, even as thin as 0.1 mm Such 
mixtures and methods used to manufacture sheets therefrom 
are set forth more fully in co-pending U.S. patent application 
Ser. No. 08/101,500, entitled "Methods and Apparatus for 
Manufacturing Moldable Hydraulically Settable Sheets 
Used in Making Containers, Printed Materials, and other 
Objects," and filed Aug. 3, 1993, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson, pending 
(hereinafter the "Andersen-Hodson Technology"). 

Although the hydraulically settable binder is believed to 
impart a significant amount of strength, including tensile and 
(especially) compressive strengths, such materials have been 
found in lower quantities to act less as a binding agent and 
more like an aggregate filler. As a result, studies have been 
conducted to determine whether sheets which do not nec- 
essarily use a hydraulically settable binder (or which only 
use such a binder in low enough quantities so that it will act 
mainly as an aggregate material) but which incorporate high 
concentrations of inorganic material can be manufactured. 
Such sheets would likewise have the advantages of hydrau- 
lically settable sheets over prior art paper, plastic, and metal 
materials in terms of their low cost, low environmental 
impact, and the ready availability of abundant starting 
materials. 

Due to the more recent awareness of the tremendous 
environmental impacts of using paper, paperboard, plastic, 
polystyrene, and metal's for a variety of single-use, mainly 
disposable, items such as printed sheets or containers made 
therefrom (not to mention the ever mounting political 
pressures), there has been an acute need (long since recog- 
nized by those skilled in the art) to find environmentally 
sound substitute materials. In particular, industry has sought 
to develop highly inorganically filled materials for these 
high waste volume items. 

In spite of such economic and environmental pressures, 
extensive research, and the associated long-felt need, the 
technology simply has not existed for the economic and 
feasible production of highly inorganically filled, organic 
polymer bound materials which could be substituted for 
paper, paperboard, plastic, polystyrene, or metal sheets, or 
container products made therefrom Some attempts have 
been made to fill paper with inorganic materials, such as 
kaolin and/or calcium carbonate, although there is a limit 
(about 20-35% by volume) to the amount of inorganics that 
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can be incorporated into these products. In addition, there 
have been attempts to fill certain plastic packaging materials 
with clay in order to increase the breathability of the product 
and improve the ability of the packaging material to keep 

5 fruits or vegetables stored therein fresh. In addition, inor- 
ganic materials are routinely added to adhesives and coat- 
ings in order to impart certain properties of color or texture 
to the cured product 
Nevertheless, inorganic materials only comprise a frac- 

10 tion of the overall material used to make such products, 
rather than making up the majority of the packaging mass. 
Because highly inorganically filled materials essentially 
comprise such environmentally neutral components as rock, 
sand, clay, and water, they would be ideally suited from an 
ecological standpoint to replace paper, paperboard, plastic, 

15 polystyrene, or metal materials as the material of choice for 
such applications. Inorganic materials also enjoy a large 
advantage over synthetic or highly processed materials from 
the standpoint of cost. 
Such materials not only use significant amounts of non- 

20 depletable components, they do not impact the environment 
nearly as much as do paper, paperboard, plastic, polystyrene, 
or metal. Another advantage of highly inorganically filled 
materials is that they are far less expensive than paper, 
paperboard. plastic, polystyrene, or metals. As set forth 

2 above, highly inorganically filled material require far less 
energy to manufacture. 

Based on the foregoing, what is needed are improved 
compositions and methods for manufacturing highly inor- 

x ganicaUy filled organic polymer mixtures that can be formed 
into sheets and other objects presently formed from paper, 
paperboard, polystyrene, plastic, glass, or metal. 

It would be a significant improvement in the art if such 
compositions and methods yielded highly inorganically 

35 filled sheets which had properties similar to paper, 
paperboard, polystyrene, plastic, or metal sheets. It would 
also be a tremendous improvement in the art if such sheets 
could be formed into a variety of containers or other objects 
using existing rnanufacturing equipment and techniques 

40 presently used to form such objects from paper, paperboard, 
polystyrene, plastic, or metal sheets. 

It would yet be an advancement in sheet making if the 
sheets could be formed from moldable mixtures which 
contain only a fraction of the water of typical slurries used 

45 to make paper and which did not require extensive dewa- 
tering during the sheet forming process. In addition, it would 
be a significant improvement in the art if such sheets, as well 
as containers or other objects made therefrom, were readily 
degradable into substances which are commonly found in 

50 the earth. 

From a practical point of view, it would be a significant 
improvement if such materials and methods made possible 
the manufacture of sheets, containers, and other objects 
therefrom at a cost that is comparable or even superior to 

55 existing methods of manufacturing paper, plastic, or metal 
products. Specifically, it would be desirable to reduce the 
energy requirements and initial capital investment costs for 
making products having the desirable characteristics of 
paper, plastic, or metals. 

60 From a manufacturing perspective, it would be a signifi- 
cant advancement in the art of shaping highly inorganically 
filled materials to provide compositions and methods for 
mass producing highly inorganically filled sheets which can 
rapidly be formed and substantially dried within a matter of 

65 minutes from the beginning of the rnanufacturing process. 
It would also be a tremendous advancement in the art to 
provide compositions and methods which allow for the 
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production of highly inorganically filled materials having 
greater flexibility, tensile strength, toughness, moldability, 
and mass-producibility compared to materials having a high 
content of inorganic filler. 

Such compositions and methods are disclosed and 
claimed herein. 

BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

The present invention relates to novel compositions and 
methods for the manufacture of highly inorganically filled 
compositions, which can generally be described as multi- 
component, multi-scale, fiber-reinforced, micro-composites. 
By carefully incorporating a variety of different materials 
(including inorganic aggregates, organic polymers, and 
fibers) capable of imparting discrete yet synergistically 
related properties, it is possible to create a unique class or 
range of micro-composites having remarkable properties of 
strength, toughness, environmental soundness, mass- 
producibility, and low cost. 

In particular, such materials can be used to manufacture 
sheets having properties similar to those of paper, plastic, or 
thin-walled metals, which can be used immediately to form 
a variety of objects such as containers or other packaging 
materials. Alternatively, such sheets can be rolled on to large 
spools or cut into sheets and stacked on a pallet much like 
paper or paperboard and stored until needed. Thereafter, the 
stacked or into the object ay be cut and formed into the 
object of choice. The sheets can be remoistened in order to 
introduce additional flexibility and elongation into the sheet 
to avoid splitting or cracking while being formed into the 
desired object. 

The sheets contain from as low as about 40% to as high 
as about 98% inorganics (by volume of the total solids 
content) dispersed within an organic polymer binder matrix, 
thereby forming a highly inorganically filled/organic poly- 
mer matrix. Through microstructural engineering it is pos- 
sible to manipulate the identities and relative proportions of 
these materials, as well as other admixtures within the 
matrix, in order to design a product having the desired 
properties of flexibility, high tensile strength, toughness and, 
mass-producibility. 

The highly inorganically filled sheets can be printed, 
coated, laminated, layered, crimped, creped, stretched, 
stamped, convoluted, spiral wound, pressed, folded, fluted, 
corrugated, and glued much like paper or paperboard. In 
some cases, it may be advantageous during the manufactur- 
ing process to score or perforate the sheet to aid in forming 
a bend or hinge at a predetermined location within the sheet. 
The score can be pressed into the surface of the sheet any 
time after it has been formed; that is, the score can be 
pressed into the sheet while in the green state, in a semi- 
hardened state, or after it has become fully dry. The time and 
location of the placement of a score, score cut, or perforation 
will depend upon the desired purpose of the score and the 
properties of the particular sheet in question. 

The result is the ability to mass produce a wide variety of 
different products heretofore manufactured from paper, 
paperboard, plastic, polystyrene, or metal at a cost that is 
usually competitive with, and in most cases even superior to, 
the costs involved in using these other materials. The cost 
savings come not only from the reduced cost of the raw 
materials, but also from the manufacturing processes which 
requires less energy and lower initial capital investment In 
particular, the inorganically filled materials of the present 
invention require far less dewatering than the manufacture 
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of paper, as well as far lower costs in providing the neces- 
sary raw materials used to make plastics and metals. 

Moreover, because the highly inorganically filled sheets 
of the present invention comprise more environmentally 

5 friendly components, the manufacture of such sheets 
impacts the environment to a much lesser extent than does 
the manufacture of sheets from these other materials. Such 
sheets preferably do not require the use of high concentra- 
tions of wood pulp, petroleum products, or other natural 

10 resources as does the manufacture of containers or other 
objects from paper, plastic, or metals. 

The major components within the highly inorganically 
filled sheets of the present invention include mainly inor- 
ganic materials, such as sand, glass, silica, perlite, 

15 vermiculite, clay, mica, hydraulically settable binders, and 
even waste concrete products, together with a water- 
dispersable organic polymer binder, water, fibers, and pos- 
sibly other admixtures. 

Although the highly inorganically filled sheets may also 
include organic components, such as cellulose-based fibers 
and an organic binder, such components represent a much 
smaller fraction of the overall mass of the sheets compared 
to paper, and together will make up usually less than about 

25 60% by volume of the total solids of the hardened inorgani- 
cally filled sheet; preferably, this fraction will be less than 
about 40% by volume of the solids, and more preferably less 
than about 30%. In most cases, it will be preferable for the 
fiber to be included in amount of from about 0.5% to about 

3Q 50% by volume of the total solids of the hardened sheet, 
more preferable from about 5% to about 35%, and most 
preferably from about 15% to about 30%. The organic 
polymer binder will preferably be included in an amount in 
the range from about 1 % to about 50% by volume of the total 
solids of the hardened sheet, more preferably from about 2% 
to about 30%, and most preferably from about 5% to about 
20%. 

Due to the large number of possible moldable mixtures 
used in the manufacturing processes of the present 

w invention, a wide range of fibers, both organic and inorganic, 
can be used. Any abundant fiber, not just wood fiber, but 
preferably that which can be planted and harvested in an 
agribusiness setting, will work well within the invention. 
The use of such fibrous materials would have the additional 

45 beneficial effect of preserving our dwindling forests. 

In any event, fibers such as cotton, southern pine, flax, 
abaca, hemp, and bagasse are preferred for their environ- 
mental nature. However, other fibers may be preferred 
depending on the intended use and performance criteria of 

50 the sheet Because they are dispersed within the inorgani- 
cally filled/organic polymer matrix, they do not require the 
intense processing used to make most paper or paperboard 
products. Such intense processing is necessary in the paper 
industry in order to release the lignin and cellulose within 

55 the wood pulp and fray the fibers, thereby achieving an 
intertwining web effect between the fibers, which become 
essentially self-binding. 

In the manufacture of paper, either a Kraft or a sulfite 
process is typically used to form the pulp sheet. In the Kraft 

60 process, the pulp fibers are "cooked" in a NaOH process to 
break up the fibers. In a sulfite process, acid is used in the 
fiber disintegration process. 

In bofli of these processes, the fibers are first processed in 
order to release lignins locked within the fiber walls. 

65 However, when the lignins are removed from the fiber, much 
of the strength of the fiber is lost Because the sulfite process 
is even more severe, the strength of the paper made by a 
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sulfite process will generally have only about 70% of the 
strength of paper made by the Kraft process. (Hence, to the 
extent wood fibers are included in the present invention, 
those processed using a Kraft process would be preferred 
because more strength remains in the fiber.) 5 

In the manufacture of paper, once the wood has been 
made into wood pulp by either a Kraft or a sulfite process, 
it is further processed in a beater in order, to further release 
lignins and hemicellulose within the fibers and also to fray 
the fibers. The resultant slurry, which generally contains 10 
about 99.5% water and only about 0.5% wood pulp, is 
subjected to heavy beating in order to release enough 
hemicellulose and fray the fibers sufficiently to form a 
fibrous mixture that is essentially self-binding through an 
intertwining web effect between the fibers. is 

The fibers are essentially self-binding through a web 
effect of the frayed fiber ends and the adhesive ability of the 
released lignins and hemicellulose, as well as the hydrogen 
bonding between the fibers. Hence, "web physics" and 
hydrogen bonding governs the forces maintaining the integ- 20 
rity of the resultant paper or paperboard product However, 
the cost of such harsh treatment is that the fibers develop 
major flaws along the entire length of the fiber, thereby 
resulting in a loss of much of their tensile, tear, and burst 
strengths. 25 

Because the manufacture of paper necessarily relies on 
web physics to obtain the necessary binding and structural, 
integrity required for the paper sheet, a relatively high 
percentage of fibers (usually at least 80% or more) must be 
added to the paper sheet. ' 1 

In sharp contrast, the present invention does not rely on 
web physics to bind the components of the inorganically 
filled together. Rather, the binding forces imparted by the 
water-dispersable organic polymer binder provide the 35 
majority of the tensile and flexural strengths within the 
sheet To a lesser extent the organic polymer binder may also 
interact with certain inorganic aggregate particles as well as 
the fibers. 

The result is the ability to include far less fiber within the 40 
inorganically filled matrix while maintaining the beneficial 
effects of tensile strength, tear and burst strength, and 
flexibility imparted by the fibers. Employing less liber while 
rnaintaining good strength properties allows a more eco- 
nomically produced sheet or container (as compared to 45 
paper) because (1) fiber is typically far more expensive than 
the inorganic filler or aggregate, (2) the capital investment 
for the processing equipment is much less, (3) rmrdmizing 
the fiber content also reduces the amount of organic com- 
pounds disposed of into the environment 50 

Another disadvantage of relying on web physics to pro- 
vide the structural backbone of paper is that it creates a limit 
as to how much inorganic filler may be added to the finished 
sheet and still maintain adequate interlocking of the fibers. 
At some point, adding more than about 20-30% inorganic 55 
filler results in the "dilution" or separation of the fibers to the 
point that they are unable to adequately interlock, thereby 
greatly auninishing the tensile strength and toughness of the 
more highly filled paper sheet. 

Moreover, because the fibers need not be frayed and 60 
delignified in the present invention, it is unnecessary to 
subject the fiber to the intense processing required in the 
manufacture of paper slurries. This preserves the strength of 
the fibers to a greater extent and allows them to be included 
in even lesser amounts while still deriving a high level of 65 
strength and flexibility therefrom. Rather than being highly 
frayed and fractured as are fibers used to make paper, the 
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fibers used in the present invention remain substantially 
unfractured and (in the case of cellulosic fibers) undeligni- 
fied. 

Another difference between the inorganically filled mix- 
tures used to make the sheets of the present invention and 
slurries used to make paper is that the mixtures of the present 
invention do not significantly decrease in volume or length 
(i.e., compaction or shrinkage) from the beginning to the end 
of the manufacturing process. This is a radical departure 
from paper slurries, which are greatly reduced in volume due 
to the extensive dewatering that occurs. Although much of 
the water within the moldable mixtures of the present 
invention is removed by evaporation, the nature of the 
mixture is such that the spaces once occupied by water 
remain, either as empty voids or partially filled by the 
organic polymer binder. 

Unlike the manufacture of plastic or polystyrene, highly 
inorganically filled sheets utilize little or no petroleum-based 
products or derivatives as starting materials. Thus, although 
some amount of fossil fuel is necessary to generate the 
energy used in manufacturing the highly inorganically filled 
sheets, only a fraction of the petroleum used in the manu- 
facture of polystyrene or plastic products will be consumed 
overall. In addition, the energy requirements of the present 
invention are much less than the energy requirements of 
paper manufacturing where extensive dewatering is neces- 
sary. 

As compared to the manufacture of thin- walled metal 
products (such as aluminum and tin cans), the highly inor- 
ganically filled sheets of the present invention do not result 
in the continued use of rapidly depleting natural resources. 
Further, the lower temperature and simplicity of processing 
conditions of the present invention reduce the costs of 
energy and the initial capital investment. 

Finally, another advantage of the highly inorganically 
filled sheets of the present invention (as well as containers, 
printed materials, or other objects made therefrom) is that 
their disposal impacts the environment for less than paper, 
paperboard, plastic, polystyrene, glass, or metal products. 
The highly inorganically filled materials of the present 
invention are both readily recyclable and, even if not 
recycled, will readily degrade when exposed to moisture, 
pressure, and other environmental forces into a fine granular 
powder which has a composition that is complementary to 
the components of the earth. 

If the highly inorganically filled sheets (or products made 
therefrom) are discarded into a landfill, they will breakdown 
into a fine, mainly inorganic, powder under the weight of the 
other garbage present. If discarded onto the ground, the 
forces of water and wind, and even fortuitous compressive 
forces such as from cars running over them or people 
stepping on them, will cause the inorganically filled waste 
materials to be reduced to a largely inorganic, harmless 
granular powder in a short period of time relative to the time 
it usually takes for the typical disposable paper or polysty- 
rene sheet or container to decompose under the same cir- 
cumstances. Whatever organic substances remain after the 
degradation of the sheet are rrurrimal and will preferably be 
biodegradable. 

A polystyrene, plastic, or metal cup or can thrown into a 
lake or stream will last for decades, perhaps even centuries, 
-while a container made from a highly organically filled sheet 
will decompose in a short period of time into essentially a 
dirt-like powder — the time of dissolution being dependent 
largely on the mix design of the starting mixture. 

In general the particular qualities of any embodiment of 
the present invention can be designed beforehand using a 
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materials science and microstructural engineering approach 
in order to give the microstructure of the inorganically 
filled/organic polymer matrix the desired properties, while at 
the same time remaining cognizant of the costs and other 
complications involved in large scale manufacturing sys- 
tems. This materials science and microstructural engineering 
approach, instead of the traditional trial-and-error, mix-and- 
test approach, allows for the design of highly inorganically 
filled materials with the desired properties of high tensile 
and flexural strength, low weight, low cost, and low envi- 
ronmental impact. 

The preferred structural matrix of the sheets, containers, 
and other objects manufactured according to the present 
invention is formed from the interaction between inorganic 
aggregate particles, a water dispersable organic binder, and 
fibers. These are made into a highly moldable, workable, and 
uniform mixture by adding an appropriate amount of water 
and thoroughly mixing the components together. The 
amount of added water is preferably just enough to provide 
adequate workability and moldability, while maintaining a 
mixture that is form stable: that is, a mixture which will 
maintain its shape during hardening after being manufac- 
tured into the desired shape. In this case this is preferably a 
continuous sheet which will usually be calendered or oth- 
erwise finished using rollers and other manufacturing equip- 
ment utilized in the paper industry. 

In addition, other admixtures such as hydraulically set- 
table materials, dispersants, air-entraining agents, or blow- 
ing agents (often introduced during the extrusion process), 
can be added in order to obtain a sheet having the desired 
properties. The identity and quantity of any additive will 
depend on the desired properties or performance criteria of 
both the moldable mixture, as well as the final hardened 
sheet or article manufactured therefrom. 

Dispersants act to decrease the viscosity of the mixture by 
dispersing the individual inorganic aggregate particles or 
fibers. This allows for the use of less water while maintain- 
ing adequate levels of workability. Suitable dispersants 
include any material which can be adsorbed onto the surface 
of the inorganic aggregate particles and which act to disperse 
the particles, usually by creating a charged area on the 
particle surface or in the near colloid double layer. The like 
charges then tend to repel each other, thus preventing the 
particles from agglomerating. In some cases, it may be 
advantageous to add the dispersant to a mixture containing 
water, aggregates, and fibers before the organic binder is 
added to derive the maximum dispersion effect 

The aggregate materials within the structural matrix of the 
sheets mainly add bulk and greatly decrease the cost of the 
mixture. In addition, they provide for a more moldable 
mixture compared to typical slurries used to make paper. 
Examples of inexpensive aggregates are ordinary sand, clay, 
and calcium carbonate (limestone), which are environmen- 
tally safe, inexpensive, and essentially inexhaustible. Dif- 
ferent inorganic aggregates will impart their own unique 
surface characteristics to the sheet and may be chosen 
accordingly. For example, kaolin gives a smoother, less 
porous finish, while plate-like materials such as mica and 
other clays yield a shiny surface. 

In other cases, lightweight aggregates can be added to 
yield a lighter, and often more insulating, final product. 
Examples of lightweight aggregate are perlite, vermiculite, 
hollow glass spheres, aerogel, xerogel, fumed silica, and 
other lightweight, rock-like materials. These aggregates are 
likewise environmentally neutral and relatively inexpensive. 

Gels or microgels such as silica gels, calcium silicate gels, 
aluminum silicate gels, and the like can be added to the 
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inorganically filled matrix either as an ordinary aggregate or 
as a moisture regulation agent within the inorganically filled 
mixture and the final hardened sheet 
Finally, hydraulically settable binders such as hydraulic 

5 cement, gypsum hemihydrate, and calcium oxide can be 
added to the moldable mixture in order to affect the rheology 
and workability, and to create a mixture with earlier green 
strength. Such binders have an internal drying effect because 
they can chemically react with and bind significant amounts 

to of water within the mixture depending on their concentra- 
tion. In addition, some hydraulic cements such as portland 
gray cement, increase the cohesiveness of the moldable 
mixture. 

Compared to paper, far more inorganic aggregate filler is 
15 incorporated into the sheets of the present invention. The 
highly inorganically filled sheets of the present invention 
will include inorganic aggregates in an amount of from 
about 40% to about 98% by volume of the total solids 
content of the sheet, more preferably from about 50% to 
20 about 95%, and most preferably from about 60% to about 
80%. 

The fibers which are dispersed within the inorganic/ 
organic binder matrix yield a sheet with properties similar to 
those of tree or vegetable paper, such as tensile, flexural, and 
cohesive strengths, even though only about Yso to Vj as much 
fiber is used in the present invention. This is due in part to 
the fact that the fibers used in the present invention undergo 
far less processing than fibers used to make paper. It is also 
due to the unique interactions between the inorganic par- 
ticles and organic binders used in the present invention. 
Hence, sheets having an inorganic filler content in the range 
from about 40% to about 98% by volume of the total solids, 
but which have high toughness and flexibility, can be 

35 manufactured according to the present invention. 

A preferred method of manufacturing the highly inorgani- 
cally filled sheets within the scope of the present invention 
includes the steps of (1) preparing a moldable mixture by 
mixing together water, inorganic aggregates, a water- 

w dispersable organic binder, and fibers; (2) placing the mold- 
able mixture into an extruder, such as an auger or piston 
extruder; (3) extruding the mixture through an appropriate 
die to preferably form a flat sheet of a desired thickness, or 
a pipe that can be unfolded into a sheet; (4) reducing the 

4g thickness of the sheet by passing it between at least one pair 
of rollers; and (5) drying the sheet to create a substantially 
hardened matrix comprising aggregate particles and fibers 
held together by an organic polymer binder. 

A second method suitable for most mix designs includes 

50 (1) mixing the inorganically filled material in a kneader and 
then removing the air under a vacuum; (2) extracting and 
then cutting the mixture into individual units of an appro- 
priate shape (such as a cylinder); (3) conveying the extruded 
units into a hopper; (4) passing the extruded units between 

55 a pair of self-feeding extruding rollers to form a sheet; and 
(5) optionally drying or otherwise finishing the sheet. 

The extrusion step aids in deairing the moldable mixture 
and the individual extruded units provide a more uniform 
supply of the moldable mixture at the entrance of the 

60 extruding rollers. Nevertheless, in a third embodiment the 
moldable mixture is simply conveyed directly to the extru- 
sion rollers after the mixing step without an intervening 
deairing step. A simple auger extruder might function as the 
conveying means. 

65 In addition to the simple sheet forming process, the sheet 
can be optionally compacted while still in a moldable 
condition in order to eliminate unwanted voids created when 
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water is removed from the structural matrix by evaporation, During the subsequent process of forming the sheet into 

increase the liber adhesion, reduce porosity, and/or increase the shape of the desired object, it will sometimes be pref- 

surface smoothness. This is carried out by passing the sheet erable (depending on the stiffness of the sheet) to remoisten 

through one or more separate sets of compaction roUers. As the hardened sheet in order to temporarily increase the 

the interstitial water is removed, porosity and voids are 5 flexibility and bendability of the sheet This is particularly 

created in the sheet. The sheet can then be compacted to ^ ^ me case wnere the sheet will be rolled or has been 

remove these voids if desned. This compaction occurs by scored and is ted t0 ^ a paracularly sharp bend 

further molding of the mate to remove the voids. ^ a container fmmn ^ ^ ^ 

However, the sheet must retain enough water before or ^ bent mt0 me desired configuration, it may be neces- 

d^gmecompactionprocessmortoforAemorgamcaUy w to ^ ^ £nds Qr seams he[ usm adhesive 

filled matrix to remain moldable. Drying the sheet to me m 4 ods ^ nown t0 those skilled in £ e ^ It ^ ^ te 

point of nonmoldabihty before or during the compaction . 7 rf' " 

Sep could result in the creation of defects within the f c f ^ m t some cases t0 ^ e3 * ess mater f from 

inorganically filled matrix. One skilled in the art will be able final P roduct usm S cuttm § means m me paper or 

to optimize the level of drying before or during the com- Pestle arts. 

paction step for any given sheet manufacturing process. 15 It will be understood that it is the combination of the 

By controlling the water content and roller nip, it will be organic polymer binder into which the inorganic aggregates 

possible to ensure that the compaction rollers primarily are dispersed which gives the sheets and other objects made 

compress and increase the density of the sheet without therefrom their basic structural component, or inorganically 

significantly elongating the sheet. The compaction step mci matrix. The organic polymer binder is the component 

improves the strength of the final hardened sheet by creating 20 which holds ^ matrix together, although the other 

a more dense and uniform structural matrix while also components, such as the inorganic aggregate, may also 

leaving the sheet with a smoother finish. The optional interact with themselves and/or the organic polymer binder 

compaction step is generally preferred in the case of thinner t0 add compressive and tensile strength, flexibility, 

sheets where strength per unit of thickness should be maxi- toughness, insulating ability, and other desired properties to 

mized and where insulation ability is less important Com- 25 tne material. 

paction is generally unnecessary for thicker sheets intended It will be understood that fibers are a preferred additive 

to have high insulation and/or low density characteristics. which increases the tensile strength, flexibility, ductility, and 

Indeed, it may be undesirable to compact sheets having bendability of the highly inorganically filled sheets. Having 

aggregates such as hollow glass spheres, which may lose a relatively high concentration of fibers is particularly 

their insulating ability if crushed. 30 important where the sheet has been scored and is expected 

B may be desirable to pass the sheets between one or more to bend over a larger angle. In addition, the properties 

pairs of finishing rollers consisting of a hard and soft roller, imparted to the hardened sheets by the fibers can be 

the hard roller leaving a glossy finish on one side while the increased by unidirectionally or bidirectionally orienting the 

soft roller provides friction so that the sheet can be pulled „ fibers within the sheet Depending on the shape of the 

with some tension. The finishing rollers can also impart a extruder die head, the extrusion process itself will tend to 

textured or roughened finish to the sheets. This finishing orient the fibers in the "Y" (or longitudinal) direction. The 

process generally does not involve a compaction of the sheet thickness reduction process, during which the sheet is 

sheet also elongated, further orients the fibers in the '"Y" direction. 

The sheet can also be optionally scored, score cut, or ^ In addition, by using a pair of rollers having different 

perforated while in a slightly moistened or even in the dry orientations in the "Z" direction (or normal to the surface of 

condition in order to create a line within the structural matrix the sheet), such as by using a flat roller paired with a conical 

upon which the sheet can later be bent. Optionally, the sheet roller, a percentage of the fibers can be oriented in the "X" 

could be passed through a set of corrugation rollers in order (or width-wise) direction. In this way a sheet having bidi- 

to produce a corrugated sheet and/or cardboard. 45 rectionally oriented fibers can be manufactured. This is 

In addition, coatings can be applied to the surface of the thought to occur because the conical roller can widen the 

sheet for a number of reasons, such as to make the sheet sheet in the 'X" direction. 

more waterproof, more flexible, or to give it a glossier In embodiments where the moldable mixture is not 

surface. Coatings based upon materials such as soybean oil formed into a sheet until passed between a pair of extruding 

or Methocel® (available from Dow Chemical), either alone 50 rollers it is possible to affect the alignment of the libers by 

or in combination with polyethylene glycol, can be applied adjusting the pressure with which the mixture is fed into the 

to the surface in order to permanently soften the sheet or a rollers. Where the mixture is fed between the extruding 

hinge area within the sheet rollers under lower pressures, the sudden acceleration of the 

Elastomer, plastic, or paper coatings can aid in preserving material through the rollers creates a significant amount of 

the integrity of the hinge whether or not the underlying 55 machine-direction shear, which will tend to orient the fibers 

hardened structural matrix fractures upon bending at the within the sheet in the machine direction, 

hinge. In the case of packaging containers, it may be At the other extreme, wherein the moldable mixture is fed 

desirable to print the sheets or otherwise attach indicia or between the extruding rollers under higher pressures, the 

logos on the surface, such as by embossing or engraving the rollers will impart far less machine-direction shear, which 

surface. The printed sheets may also be used in magazines, 60 will tend to allow the fibers to remain in a more randomized 

brochures, or other reading materials. arrangement within the sheet. By adjusting the feeding 

After the highly inorganically filled sheet has been dried pressure of the moldable mixture between the rollers it will 

and has been optionally treated using any of the other be possible for one skilled in the art to optimize the 

procedures set forth above, it can either be used immediately alignment of the fibers in the machine direction to the degree 

much like a sheet of paper or paperboard, or it can be stored 65 desired. Certain conveyors, such as auger conveyors, allow 

for later use by, for example, rolling the sheet onto a spool for the adjustment of the pressure with which the moldable 

or by cutting and stacking the sheets onto a pallet mixture is fed between the rollers. 
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It will be appreciated that where the differential between acterized above will be rendered by reference to specific 

the roller nip and the sheet thickness before the sheet passes embodiments thereof which are illustrated in the appended 

between the reduction rollers is small, the fiber orienting drawings. Understanding that these drawings depict only 

flow of material will tend to be localized at or near the sheet typical embodiments of the invention and are therefore not 

surface, with the interior not being subjected to fiber ori- 5 to be considered limiting of its scope, the invention will be 

enting flow. This allows for the production of sheets that described with additional specificity and detail through the 

have significant unidirectional or bidirectional orientation of use of the accompanying drawings in which: 

fibers at or near the surface of the sheet and more random FIG. 1A is a schematic view of a preferred system used to 

orientation of fibers within the interior of the sheet. manufacture a highly inorganically filled sheet, including a 

However, by decreasing the nip relative to the initial sheet 10 mixer, extruder, reduction rollers, drying rollers, compaction 

thickness it is possible to increase the orientation of the ro Uers (optional), finishing rollers (optional), and spooler 

fibers within me interior of me sheet by increasing the fiber (optional). 

orienting flow of material within the sheet interior. mQ m fa a &chtmsSic ^ of a secondpre f erred system 

From the foregoing, an object of the present invention is used t0 manufacture a highly inorganically filled sheet, 

to provide improved compositions and methods for manu- 15 including a extruding rollers, drying rollers, compac- 

facturing highly inorganically filled mixtures that can be tion roUerS- finishing rollers, and spooler, 

formed into sheets and other objects presently formed from perspective view with cutaway of an auger 

paper, paperboard, polystyrene, plastic, glass, or metal. extruder ^ chamber and ^ ^ 

Another object and feature of the present invention is to _ . ... - . . . . ... ,. , . 

provide compositions and methods which yield highly inor- » 3 18 a slde ^ of a P lston extruder wlth head " 

ganically filled sheets which have properties similar to those mG 4 ls a perspective view of a die head with a slit 

of paper, paperboard, polystyrene, plastic, or metal sheets. A havin I a varying gap along the length. 

further object of the present invention is to provide highly FIG. 5 is a perspective view of nonuniformly cylindrical 

inorganically filled sheets which can be formed into a variety rollers used to make a nonplanar sheet. 

of containers and other objects using existing manufacturing 25 FIG. 6 is a side view of a pair of reduction rollers and a 

equipment and techniques presently used to form such sheet being reduced in thickness by the rollers. 

objects from paper, paperboard, plastic, polystyrene, or nG 7 is a side vfcw comparing me effect (of narrow and 

metal sheets. broad rollers) on sheet eduction. 

Yet another object and feature of the present invention is mG 8 is a ^^ve ^ of a sUghtly pitched conical 

the ability to manufacture sheets formed from moldable roUer used tQ reduce me gheari ^ ^ to a gheet 

mixtures which contain only a fraction of the water of ^ reduced - m Mciness _ 

typical slurries used to make paper and which did not require „ . . . „ 

intensive dewatering during the sheet forming process. Still mG : 9 " a P^P^ve view of a substantially pitched 

a further object and feature is that such sheits, as well as c ^ poller used to W1 den the sheet passing therethrough 

containers or other objects made therefrom, are readily 35 ln me X ^e™ 011 - 

degradable into substances which are commonly found in mG - 10 is a perspective view of a set of rollers with 

the earth. altered "Z" orientation to form a varying gap along the "X" 

Another object of the present invention is to provide direction and widen the sheet 

compositions and methods which make possible the manu- ^ FIG. 11 is a side view of a pair of compaction rollers with 

facture of sheets, containers, and other objects therefrom at a sheet being compacted therebetween, 

a cost that is comparable or even superior to existing FIG. 12 is a perspective view of a pair of finishing rollers 

methods of manufacturing paper or polystyrene products. including a "hard" roller and a "soft" roller. 

Still another object and feature of the present invention is to nG. 13 is a side view of a pair of corrugated rollers used 

provide methods for manufacturing sheets which are less 45 t0 folm a corrugated sheet. 

energy intensive, which conserve valuable natural resources, ■,. ■ „ ,„•„„ „ P „ u „ * v. • ~. * 

. . . , . .,. , , . FIG. 14 is a perspective view of a sheet being score cut 

and which require lower initial capital investments. by a ^ jf e . blad g cu tj er 

An additional object and feature of the present invention ™^ . . . . . . 

. , J ... , , j. , . FIG. 15 is a perspective view of a sheet being score cut 

is to provide compositions and methods for mass producing , j. ^ 

highly inorganically filled sheets which can rapidly be 50 by a contmuous die cut roUer. 

formed and substantially dried within a matter of minutes nG - 16 is a perspective view of a score being pressed into 

from the beginning of the manufacturing process. a sneet b y a scotin 8 

Another feature and object is to provide compositions and mG - 17 is a perspective view of a sheet being perforated 

methods which allow for the production of highly inorgani- b y a perforation cutter. 

cally filled materials having greater flexibility, tensile 55 FIG. 18 is a perspective view showing how a sheet with 

strength, toughness, moldability, and mass-producibility a score cut more easily bends at the score cut. 

compared to materials having a high content of inorganic FIG. 19 is a perspective view showing a continuous sheet 

filler. being cut and stacked as individual sheets. 

These and other objects and features of the present 

inventionwillbecomemorefiulyapparentfromthefollow- 60 DB ^^^S^^^™ 

ing description and appended claims, or may be learned by PREFERRED EMBODIMENTS 

the practice of the invention. The present invention relates to novel compositions and 

KRTFF DPSPRTPTTON OF THF np awtntps methods for the manufacture of highly inorganically filled 

BRIEF DESCRIPTION OF THE DRAWINGS compositions, which can generally be described as multi- 

In order that the manner in which the above-recited and 65 component, multi-scale, fiber-reinforced, micro-composites, 

other advantages and objects of the invention are obtained, By carefully incorporating a Variety of different materials 

a more particular description of the invention briefly char- (including inorganics and fibers) capable of imparting dis- 
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crete yet synergistically related properties, it is possible to 
create a unique class or range of micro-composites having 
remarkable properties of strength, toughness, environmental 
soundness, mass-producibility, and low cost. 

The term "multi-component" refers to the fact that the 
inorganically filled materials used to make the sheets of the 
present invention typically include three or more chemically 
or physically distinct materials or phases, such as fibers, 
inorganic aggregate materials, organic aggregate materials, 
organic polymer binders, rheology-modifying materials, 
hydraulically settable materials, water, other liquids, 
entrapped gases, or voids. Each of these broad categories of 
materials imparts one or more unique properties to the final 
sheet made therefrom (as well as the mixture used to form 
the sheet). Within these broad categories it is possible to 
further include different components (such as two or more 
inorganic aggregates or fibers) which can impart different, 
yet complementary, properties to the sheet. This allows for 
the specific engineering of desired properties within the 
sheet in conjunction the manufacturing process. 

The term "multi-scale" refers to fact that the compositions 
and materials of the present invention are definable at 
different levels or scales. Specifically, within the inorgani- 
cally filled materials of the present invention there is typi- 
cally a macro-component composition in the range from 
about 10 nonometers to as high as about 10 mm, a micro- 
component composition in the range of about 1 micron to 
about 100 microns, and a submicron component. Although 
these levels may not be fractal, they are usually very similar 
to each other, and homogeneous and uniform within each 
level. 

The term "fiber-reinforced" is self-explanatory, although 
the key term is "reinforced", which clearly distinguishes the 
highly inorganically filled materials of the present invention 
from conventional paper or paper products. Conventional 
paper relies on "web" physics, or intertwining of fibers, to 
provide the structural matrix and mass, as well as the 
binding, of the paper. However, the matrix of the inorgani- 
cally filled materials of the present invention relies on the 
bond or interaction between the inorganic aggregate, the 
organic polymer binder, and the fibers. The fibers act pri- 
marily as a reinforcing component to specifically add tensile 
strength and flexibility. 

Finally, the term "micro-composite" refers to the fact that 
the inorganically filled materials are not merely a compound 
or mixture but a designed matrix of specific, discrete mate- 
rials on a micro-level, which are of different sizes, shapes, 
and chemical make-up. The materials are sufficiently well 
bound and interactive so that the unique properties of each 
are fully evidenced in the final composite (e.g., the tensile 
strength of the matrix has a direct correlation to the tensile 
strength of the fibrous component; the insulation of the 
matrix has a direct correlation to the total porosity and 
insulative character of the aggregate material, etc.). 

In light of these definitions and principles, materials that 
include an organic polymer binder, fibers (both organic and 
inorganic), and an inorganic aggregate can be combined and 
molded into a variety of products, including sheets having 
properties similar to those of conventional paper or paper- 
board. The highly inorganically filled sheets of the present 
invention can also substitute for sheets made from plastic, 
polystyrene, and even metal. The sheets can be cut and 
formed (such as by rolling or folding) into a variety of 
containers and other articles of manufacture. The composi- 
tions and methods (including sheets made therefrom) are 
particularly useful in the mass production of disposable 
containers and packaging, such as for the fast food industry. 
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I. General Discussion. 

A. Conventional Paper Products. 
'Paper" is the general term for a wide range of matted or 
felted webs of vegetable fiber (mostly wood) that have been 

5 formed on a screen from a water suspension. The sheet 
products which most people refer to as "paper" or "paper- 
board" are generally "tree paper" because they are manu- 
factured from wood pulp derived from trees. Although tree 
paper may include inorganic fillers or extenders, starches, or 

10 other minor components, it will typically contain a relatively 
high wood fiber content, generally from about 80% to as 
high as 98% by volume of the paper sheet. Tree paper is 
manufactured, as set forth more fully above, by processing 
wood pulp to the point of releasing the lignins and hemi- 

15 cellulose constituents of the raw wood pulp fibers, as well as 
fraying and fracturing the fibers themselves, in order to 
obtain a mixture of fibers, lignins, and hemicellulosc that 
will be essentially self-binding through web physics. The 
broad category of cellolose-based paper, mainly plant, 

20 vegetable, or tree paper, will hereinafter collectively be 
referred to as "conventional paper". 

The properties of an individual conventional paper or 
paperboard are extremely dependent on the properties of the 
pulps used. Pulp properties are dependent on both the source 

25 and the processing technique(s) used to prepare the pulp for 
paper-making. For example, course packaging papers are 
almost always made of unbleached Kraft softwood pulps. 
Fine papers, generally made of bleached pulp, are typically 
used in applications demanding printing, writing, and spe- 

30 rial functional properties such as barriers to liquid and/or 
gaseous penetrants. 

Conventional paper is typically manufactured by creating 
a highly aqueous slurry, or furnish, which is then substan- 
tially dewatered by first placing the slurry on a porous screen 

35 or wire sieve and then "squeegeeing" out the water using a 
roller nip. This first dewatering process results in a sheet 
having a water content of about 50-60%. After that, the 
partially dried paper sheet is further dried by heating the 
sheet, often by means of heated rollers. Because of the paper 

40 manufacturing process, as well as the limitations imposed by 
web physics, there has been an upper limit of the amount of 
inorganic aggregate fillers than can be impregnated within a 
conventional paper sheet. 

For example, U.S. Pat No. 4,445,970 to Post et al., and 

45 entitled "High Mineral Composite Fine Paper," summarized 
the then-existing prior by stating that "fillers are normally 
added at a level of 4-20% by weight of the finished paper, 
although rarely as much as 30% filler has been used in 
Europe and 25% in the United States. Fine paper manufac- 

50 ture is believed to depend in part on hydrogen bonding and 
one problem which occurs in the use of more than 20% filler 
in fine paper manufacture is that too much filler reduces 
hydrogen bonding and causes the web to lose its strength." 
(Column 1, lines 42-50) Post et al. further states that to 

55 obtain more highly filled sheets it was necessary to apply 
starch or gum coatings in order to increase the strength and 
maintain the integrity of the final sheet. 

Post et al. teaches how to obtain more highly filled paper 
that is still manufactured using conventional paper-making 

60 processes by using a suitable latex material to strengthen the 
sheet lattice. Even so, Post et al. only teaches how to obtain 
paper sheets having from 30-70% by weight inorganic filler, 
which actually corresponds to an inorganic content of only 
about 15-35% by volume. (This conversion from weight 

65 percent to volume percent was made by assuming that the 
inorganic fillers disclosed in Post et al., namely kaolin and 
talc, have a specific gravity when dry of about 2.6, while the 
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wood pulp libers and organic sizing agents used therein have intended to be included within the term "container" Such 

a specific gravity when dry of only about 1.2.) As evidenced products include, for example, lids, liners, partitions, 

by the examples, the preferred sheets in Post etal. had a filler wrappers, cushioning materials, utensils, and any other 

content of only about 50% by weight (or about 25% by product used in packaging, storing, shipping, portioning, 

volume). This is in sharp contrast to the highly inorganically 5 serving, or dispensing an object within a container, 

filled sheets of the present invention, which contain at least ^ addit i on t0 sheets and containers, any object that can be 

40% by volume morganic aggregates, and preferably much formed using me ^ morganica u y filled sheets described 

more, as set forth more fully below. herein m ^ witMn ^ of ±& n{ ^^on. 

tJLT^Z^J^t?™* uT, 5 h h include such dspantte objects as, for example, model 

typical of paper, substitute fibrous substrates have been ,„ • , t .■ .,. . . ' .,. ' , 

added instead of wood derived fibers. These include a 10 ^Janes toys, Venetian btods, ram gutters, n^g tubes, 

varietyofplantfibers(knownas"secondaryfibers"),suchas shirt packaging forms, and temporary car window shades. 

straw,flax,abaca,hemp.andbaga 5 se.Theresultantpaperis , ^ P teas , es 111258 Inducible or manufactured in a 

often referred to as "plant paper". As in tree paper, plant commercial or economic manner are intended in the 

paper relies on web physics, highly processed fibers, and specification and the appended claims to refer to a capability 

highly aqueous fiber slurries in its manufacture. 15 of the sheets described herein to be rapidly produced at a rate 

Besides the inclusion of much higher concentrations of that make their manufacture economically comparable to 

inorganic aggregate fillers, the present invention differs from sheets made from other materials, such as paper, paperboard, 

conventional paper manufacturing processes in a number of polystyrene, or metal. The present invention is directed to 

ways. First, far less water is used in the moldable mixtures innovative compositions which solve the prior art problems 

(less than about 50% by volume) of the present invention 20 of incorporating a high percentage of inorganic aggregates 

compared to conventional paper slurries, which typically into the matrices of products which can be rapidly manu- 

contain water in an amount of at least 97% by volume, and factored by machine, rather than individual hand manufac- 

even as much as 99.9% water. More importantly, the sheets ture of one product at a time (such as "throwing pots"), 

are formed from a highly cohesive, yet moldable mixture The sheets, containers, and other objects made therefrom 

rather than an aqueous slurry such that once placed into a 25 are intended to be competitive in the marketplace with such 

shape it will generally maintain its shape unless further acted articles currently made of various materials such as paper, 

upon. Moreover, the moldable mixtures will not shrink more plastic, polystyrene, or metals. Hence, the sheets (and 

than about 10%, and not at all in some cases. Paper slurries, objects made therefrom) of the present invention must be 

on the other hand, will shrink by an amount of 60% or more economical to manufacture (i.e., the cost will usually not 

during the paper-making process. 30 exceed a few cents per item). Such cost restraints thus 

Despite the differences in their composition and require automated production of thousands of the articles in 

manufacture, the highly inorganically filler sheets of the a very shortperiodof time. Hence, requiring the products of 

present invention can be made to have the strength, the present invention to be economically mass produced is 

toughness, flexibility, folding endurance, bendability, and a significant limitation on the qualities of the materials and 

look and feel of ordinary paper. Of course, the microstruc- 35 products. 

tural engineering approach to designing the moldable mix- C. Microstructural Engineering Design 

tores used to make the inorganically filled sheets allows for The highly inorganically filled sheets of the present inven- 

the manufacture of sheets having an extremely wide variety tion have been developed from the perspective of micro- 

of properties not found in paper. structural engineering in order to build into the microstruc- 

B. Sheets, Containers, and Other Objects 40 ture of the highly inorganically filled material certain 

The term "sheet" as used in this specification and the desired, predetermined properties, while at the same time 
appended claims is intended to include any substantially flat, remaining cognizant of costs and other manufacturing com- 
corrugated, curved, bent, or textured sheet made using the plications. Furthermore, this microstructural engineering 
methods described herein. The only essential compositional analysis approach, in contrast to the traditional trial-and- 
lirnitation is that the structural matrix of at least part of the 45 error, mix-and-test approach, has resulted in the ability to 
sheet comprises a highly inorganically filled composite design highly inorganically filled materials with those prop- 
having a water-dispersable organic binder. The sheet may erties of strength, weight, insulation, cost, and environmen- 
include other materials such as paper, organic coatings, ink, tal neutrality that are necessary for appropriate sheets used 
or other organic materials in addition to the highly inorgani- to make printed materials, containers, and other objects in a 
cally filled/organic binder matrix portion. 50 significantly more efficient manner. 

The sheets within the scope of the present invention can The number of different raw materials available to engi- 

have greatly varying thickness depending on the particular neer a specific product is enormous, with estimates ranging 

application for which the sheet is intended. They can be as from between fifty thousand and eighty thousand. They can 

thin as about 0.01 mm and as thick as 1 cm or greater where be drawn from such disparately broad classes as metals, 

strength, durability, and or bulk are important consider- 55 polymers, elastomers, ceramics, glasses, composites, and 

ations. cements. Within a given class, there is some commonality in 

The term "container" as used in this specification and the properties, processing, and use-patterns. Ceramics, for 

appended claims is intended to include any article, instance, have a high modulus of elasticity, while polymers 

receptacle, or vessel utilized for storing, dispensing, have a low modulus; metals can be shaped by casting and 

packaging, portioning, Or shipping various types of prod- 60 forging, while composites require lay-up or special molding 

ucts or objects (including, but not limited to, food and techniques; hydraulically settable materials, including those 

beverage products). Examples of such containers include made from hydraulic cements historically have low flexural 

boxes, cups, "clam shells", jars, bottles, plates, trays, strength, while elastomers have high flexural strength and 

cartons, cases, crates, dishes, egg cartons, lids, straws, elongation before rupture. 

envelopes, or other types of holders. 65 However, compartmentalization of material properties 

In addition to integrally formed containers, containment has its dangers; it can lead to specialization (the metallurgist 

products used in conjunction with containers are also who knows nothing of ceramics) and to conservative think- 



5,660,903 

21 22 

ing ("we use steel because that is what we have always cessing and energy of the manufacturing system. In charac- 

used"). It is this specialization and conservative thinking terizing the aggregates, the average particle size is 

that has limited the consideration of using highly inorgani- determined, the natural packing density of the particles 

cally filled materials for a variety of products, such as in the (which is a function of the shape of the particles) is 

manufacture of paper-like sheets. 5 determined, and the strength of the particles is ascertained. 

Nevertheless, once it is realized that highly inorganically With this information, the particle packing can be pre- 

filled materials have such a wide utility and can be designed dieted according to mathematical models. It has been estab- 

and microstructurally engineered, then their applicability to lished that the particle packing is a primary factor for 

a variety of possible products becomes obvious. Such mate- designing desired requirements of the ultimate product, such 

rials have an additional advantage over other conventional 10 as workability, form stability, shrinkage, bulk density, insu- 

materials in that they gain their properties under relatively lative capabilities, tensile, compressive, and flexural 

gentle and nondamaging conditions. (Other materials strengths, elasticity, durability, and cost optimization. The 

require high energy, severe heat, or harsh chemical process- particle packing is affected not only by the particle and 

ing that significantly affects the material components.) aggregate characterization, but also by the amount of water 

Moreover, certain conventional materials, or components 15 and its relationship to the interstitial void volume of the 

thereof, can be incorporated into the highly inorganically packed aggregates. 

filled materials of the present invention with surprising Systemrheology is a function of both macro-rheology and 

synergistic properties or results. micro-rheology. The macro-rheology is the relationship of 

The design of the compositions of the present invention the solid particles with respect to each other as defined by 

has been developed and narrowed, first by primary con- 20 the particle packing. The micro-rheology is a function of the 

straints dictated by the design, and men by seeking the lubricant fraction of the system By modification of the 

subset of materials which maximizes the performance of the lubricants (which may be water, the water-dispersable 

components. At all times during the process, however, it is binder, plasticizers, dispersants, or other materials), the 

important to realize the necessity of designing products viscosity and yield stress can be chemically modified. The 

which can be manufactured in a cost-competitive process. 25 microrheology can also be modified physically by changing 

Primary constraints in materials selection are imposed by the shape and size of the particles: e.g., chopped fibers, 

characteristics of the design of a component which are plate-like mica, round-shaped silica fume, or hydraulically 

critical to a successful product. With respect to a sheet used settable binder particles will interact with the lubricants 

to make, for example, a food and beverage container, those differently. 

primary constraints include minimal weight, strength (both 30 Finally, the rnanufacturing process can be modified to 

compressive and tensile), and toughness requirements, while manipulate the balance between workability and form sta- 

siiiiultaneously keeping the cost comparable to that of paper, bility. As applied to the present invention, this becomes 

plastic, and metal counterparts. important in significantly increasing the yield stress during 

As discussed above, one of the problems with materials formation of the sheet by either chemical additives (such as 

having high concentrations of inorganic materials in the past 35 by adding a particular water-dispersable binder) or by add- 

has been that they are typically poured into a form, worked, ing energy to the system (such as by heating the molds), 

and then allowed to set, harden, and cure over a long period Indeed, it is this discovery of how to manipulate the inor- 

of time — even days or weeks. Such time periods are cer- ganically filled compositions in order to quickly increase the 

tainly impractical for the economic mass production of form stability of the compositions during the formation 

disposable containers and similar products. 40 process that make the present invention such a significant 

As a result, an important feature of the present invention advancement in the art 

is that when the highly inorganically filled mixture is molded From the following discussion, it will be appreciated how 

into a sheet it will maintain its shape (i.e., support its own each of the component materials within the inorganically 

weight subject to minor forces, such as gravity and move- filled mixture, as well as the processing parameters, con- 

ment through the processing equipment) in the green state 45 tributes to the primary design constraints of the particular 

without external support. Further, from a manufacturing sheet to be manufactured so that it can be economically mass 

perspective, in order for production to be economical, it is produced. Specific compositions are set forth in the 

important that the molded sheet rapidly (in a matter of examples given later in order to demonstrate how the 

minutes, or even seconds) achieve sufficient strength so that maximization of the performance of each component 

it can be handled using ordinary manufacturing procedures, 50 accomplishes the combination of desired properties, 

even though the highly inorganically filled mixture may still D. Moldable Mixtures 

be in a green state and not fully hardened. The terms "inorganically filled mixture" or "moldable 

Another advantage of the microstructural engineering and mixture" have interchangeable meanings and shall refer to a 

materials science approach of the present invention is the mixture that can be molded into the sheets which are 

ability to develop compositions in which cross-sections of 55 disclosed and claimed herein. Such mixtures are character- 

the structural matrix are more homogeneous than have been ized by having a high concentration of inorganic filler or 

typically achieved in the prior art Ideally, when any two aggregate (at least about 40% by volume of the total solids 

given samples of about 1-2 mm 3 of the inorganically filled content of the dried sheet), water, a water-dispersable binder, 

structural matrix are taken, they will have substantially and a fibrous material. The mixtures may also include other 

similar amounts of voids, aggregates, fibers, any other 60 admixtures such as plasticizers, lubricants, dispersants, 

additives, and properties of the matrix. hydraulically settable binders, and air void forming agents. 

In its simplest form, the process of using materials science Moldable mixtures are characterized as having a reta- 
in microstructurally engineering and designing an inorgani- tively high yield stress, which makes them highly workable 
cally filled material comprises characterizing, analyzing, and cohesive, yet form stable immediately or shortly after 
and modifying (if necessary): (a) the aggregates, (b) the 65 being molded into the desired shape. The terms "inorgani- 
predicted particle packing, (c) the system rheology, (d) the cally filled mixture", "inorganically filled moldable 
average fiber length and packing density, and (e) the pro- mixture", or "moldable mixture" shall refer to the mixture 
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regardless of the extent of drying or curing that has taken 
place. Such mixtures shall include mixtures that are highly 
workable, which are partially dried, and which have been 
completely dried (although a certain amount of water will 
usually remain within the sheets as bound water within the 
water-dispersable binder). 

After the moldable mixture has been formed into the 
desired shape, the resulting sheet or object made therefrom 
will have a "highly filled inorganic/organic polymer matrix", 
"inorganically filled matrix", or "inorganically filled, 
organic polymer matrix". These terms shall refer to such 
matrices regardless of the extent of drying or curing that has 
taken place, the only limitation being that the sheet or object 
made therefrom is form stable. Nevertheless, a highly filled 
inorganic matrix can refer to a fresh sheet or object made 
therefrom, as well as a sheet or object that has been partially 
or totally dry. 

Both the moldable mixture and the inorganically filled 
matrix formed therefrom each constitute "highly inorgani- 
cally filled materials" or "highly inorganically filled com- 
posites". As before, these terms shall refer to materials or 
composites without regard to the extent of wetting, setting, 
drying, or hardening that has taken place. They shall include 
materials and composites in a green (i.e., unhardened) state, 
as well as semi-dry or hardened materials after they have 
been molded into sheets, or containers or other objects made 
therefrom. 

E. Water-Dispersable Organic Binders. 

The moldable mixtures used to manufacture the highly 
inorganically filled sheets of the present invention develop 
strength properties through the drying out of a substantially 
solvated water dispersable organic binder. The moldable 
mixtures first develop workability and flow properties by 
adding an amount of water to the mixture sufficient to 
lubricate the solid inorganic aggregate particles and fibers, 
and to solvate, or at least disperse, the water-dispersable 
organic binder. Thereafter, the removal of water, such as by 
evaporation, allows the water-dispersable binder to develop 
its maximum strength properties. 

For example, certain starch-based materials can be pur- 
chased as tiny granules which are in a powder-like form. The 
starch based binder is "activated" by dissolving and gelating 
the starch binder in water by heating the dispersion above 
the gelation temperature. After the water has been removed, 
such starch based materials can, by themselves, have tensile 
strengths of up to about 40-50 MPa. Through careful 
micro structural engineering, the highly inorganically filled 
sheets (and containers or other objects made therefrom) can 
have varying tensile strengths, even approaching 40 MPa in 
some cases. 

The water-dispersable organic binder not only binds the 
individual aggregate particles and fibers together within the 
mixture upon drying or hardening (thereby forming a struc- 
tural or highly inorganically filled matrix), but they also 
have the general tendency of affecting the rheology of the 
moldable mixture. In fact, the water-dispersable binders 
disclosed herein have been used in cementitious and other 
hydraulically settable mixtures as rheology-modifying 
agents, although it has been understood that they also impart 
a degree of binding to the final hardened material if included 
in large enough amounts. 

The various water-dispersable organic binders contem- 
plated by the present invention can be roughly organized 
into the following categories: (1) polysaccharides and 
derivatives thereof, (2) proteins and derivatives thereof, and 
(3) synthetic organic materials. Polysaccharide rheology- 
modifying agents can be further subdivided into (a) 



0,903 

24 

cellulose-based materials and derivatives thereof, (b) starch- 
based materials and derivatives thereof, and (c) other 
polysaccharides. 

Suitable cellulose-based binders include, for example, 

5 methylhydroxyethylcellulose, 
hydroxymethylethylcellulose, carboxymethylcellulose, 
methylcellulose, ethylcellulose, hydroxyethylcellulose, 
hydroxyemylpropylcellulose, etc. The entire range of pos- 
sible permutations is enormous and shall not be listed here, 

10 but other cellulose materials which have the same or similar 
properties as these would also work well. Some cellulose- 
based binders can also be cross-polymerized in solution; an 
example of this is Cellosize®, a hydroxyethyl-cellulose 
product available from Union Carbide. Cellosize® can be 

15 cross-linked in water with dialdehydes, methylol ureas, or 
melamine-formaldehyde resins, thereby forming a less 
water-soluble binder. 

Suitable starch-based binders include, for example, 
amylopectin, amylose, seagel. starch acetates, starch 

20 hydroxyethyl ethers, ionic starches, long-chain 
alkylstarches, dextrins, amine starches, phosphates starches, 
and dialdehyde starches. 

Other natural polysaccharide-based binders include, for 
example, alginic acid, phycocolloids, agar, gum arabic, guar 

25 gum, locust bean gum, gum karaya, and gum tragacanth. 
Suitable protein-based binders include, for example, 
Zein® (a prolamine derived from corn), collagen 
(derivatives extracted from animal connective tissue such as 
gelatin and glue), and casein (the principle protein in cow's 

30 milk). 

Finally, suitable synthetic organic binders that are water 
dispersable include, for example, polyvinyl pyrrolidone, 
polyethylene glycol, polyvinyl alcohol, polyvinylmethyl 
ether, polyacrylic acids, polyacrylic acid salts, polyvinyl 

35 acrylic acids, polyvinyl acrylic acid salts, polyacryllrnides, 
ethylene oxide polymers, polylactic acid, and latex (which is 
a broad category that includes a variety of polymerizable 
substances formed in a water emulsion; an example is 
styrene-butadiene copolymer) 

40 The water-dispersable organic binders within the mold- 
able mixtures of the present invention are preferably 
included in an amount such that a hardened sheet manufac- 
tured therefrom will contain from about 1% to about 50% 
organic binder by volume of the total solids within the 

45 hardened sheet, more preferably from about 2% to about 
30%, and most preferably from about 5% to about 20%. 
F. Water. 

As set forth above, water is added to the moldable rnixture 
in order to solvate, or at least disperse, the water-dispersable 

50 organic binder within the mixture. In many cases, some of 
the water actually reacts with and becomes chemically 
bound within the organic binder. In other cases it may be 
more loosely bound to the organic binder, often by means of 
hydrogen bonding. Certain amounts of water may also react 

55 with other admixtures within the mixture, such as hydrau- 
lically settable binders or other materials which chemically 
react with water. 

The water also serves the function of creating a moldable 
mixture having the desired Theological properties, including 

60 viscosity and yield stress. These properties are general ways 
of approximating the "workability" or flow properties of the 
moldable rnixture. 

In order for the moldable mixture to have adequate 
workability, water must generally be included in quantities 

65 sufficient to wet each of the inorganic aggregate particles, 
fibers, or other solid particles, to solvate or at least disperse 
the organic binder, and to at least partially fill the interstices 



5,660,903 

25 26 

or voids between the particles. In some cases, such as where mixture. One skilled in the art will be able to adjust the level 

a dispersant or a lubricant is added, adequate workability can of water to obtain adequate workability for any given 

be maintained while using less water initially. manufacturing process. 

The amount of water mat is added to the moldable mixture B is preferable in most cases to include the minimum 

must be carefully balanced so that (he mixture is sufficiently 5 amount of water that is required to give the moldable 

workable, while at the same time recognizing that lowering mixture the desired level of workability, and thereby reduce 

the initial water content increases both the green strength * e amount of water that must be removed from the pro- 

and the final strength of the hardened product. Less water cessed sheeL Decreasing the amount of water that must be 

results in a stronger final product because the total porosity removed generally reduces the cost of manufacture since 

is reduced during the molding processes. Moreover, if less 10 re f movin f t water energy. NeverUieless, the compo- 

water is initially included in the moldable mixture, less s fJ? ns of ^ P^ent invention include far less water, even 

watermustberemovedinordertocausememoldedproduct * J »»* ranges of water mclusion, compared to slumes 

* tt y used to make paper, which generally contain more than 95% 

or sheet to harden ... water by volume. 

The appropriate rheology to meet these needs can be q Aggregates 

defined in terms of yield stress. The yield stress of the 15 inorganic materials commonly used in the paper industry, 

moldable mixture will preferably be in the range from about as we u as more flnely g, ouni aggregate materials usedin the 

2 kPa to about 5 MPa, more preferably in the range from concrete industry, may be used in the moldable mixtures of 

about 100 kPa to about 1 MPa, and less preferably in the the present invention. Nevertheless, the size of the aggregate 

range from about 200 kPa to about 700 kPa. The desired or inorganic filler materials will often be many times larger 

level of yield stress can be adjusted and optimized to the 20 than inorganic filler materials used in the paper industry, 

particular molding process being used to form the sheet or While the average diameter of the particles within the 

other object made therefrom inorganic fillers used in the paper industry will usually be 

In some cases it may be desirable to initially include a less than 2 microns, the average particle diameter of the 

relatively high amount of water in light of the fact that aggregate materials used in the present invention can. in 

excess water can later be removed by heating the molded 25 some cases, be up to 100 microns or larger depending on the 

sheet during or shortly after the molding process. wall thickness of the resulting sheet and, hence, be less 

Nonetheless, one of the important features of the present expensive in general. 

invention as compared to the manufacture of conventional Not only are the inorganic filler materials used in the 
paper is that the amount of water initially within the mold- paper industry required to be much smaller than the aggre- 
able mixture is far less than the amount normally found in 30 gate particles used in the moldable mixtures of the present 
fiber slumes used to make conventional paper. This results invention, but they also are generally more uniformly sized 
in a mixture having far greater yield stress and form stability in the former compared to the latter. In fact, it is often 
compared to paper-making slurries. The result is that the preferable to use a wide range of particle sizes in the present 
total amount of water that must be removed from the invention in order to increase the particle-packing density of 
moldable mixture to obtain a self-supporting material (i.e., 35 the moldable mixture. Uniformly sized particles typically 
a form stable material) is much less in the case of the have a packing density of about 0.624. The result is that the 
mixtures of the present invention compared to the slurries inorganic materials used in the present invention will gen- 
used to manufacture conventional paper. In fact, conven- erally cost far less than the inorganic filler materials used in 
tional paper-making slurries have virtually no form stability the paper industry. 

until they have been dewatered to a significant degree. 40 It is far mare expensive to maintain the extremely small 

As set forth more fully below, the sizes of the individual particle size tolerances required in the paper industry, as well 

aggregate particles and fibers can be selected in order to as maintaini ng a general uniformity of particle size. The 

increase the particle packing density of the resulting mold- greatly increased range of particle sizes also allows for a 

able mixture. The amount of water that must be added in much larger variety of inorganic aggregate materials to be 

order to obtain a moldable mixture having a particular 45 used in the present invention compared to in the manufac- 

rheology or yield stress will, to a large extent, depend on the ture of paper. 

particle-packing density. For example, if the particle- Because of the much larger variety of aggregate materials 
packing density of the moldable mixture is 0.65, water will that may be added to the moldable mixtures of the present 
be included in an amount of roughly 35% by volume in order invention compared to the inorganic fillers used to manu- 
to substantially fill the interstitial voids between the par- 50 facture paper, the aggregate materials of the present inven- 
ticles. On the other hand, a moldable mixture having a tion may be selected to impart a much larger variety of 
particle -packing density of 0.95 will only require water in an properties to the final sheet. Whereas in paper, the inorganic 
amount of about 5% by volume in order to substantially fill filler is added mainly to affect the color and the surface 
the interstitial voids. This is a seven-fold decrease in the quality of the resulting sheet of paper, the aggregate mate- 
amount of water which must be added in order to substan- 55 rials employed in the present invention can be added to 
daily fill the interstitial voids, which influences the rheology increase the strength (tensile and, especially, compressive 
and workability of the moldable mixture. strength), increase the modulus of elasticity and elongation, 
In light of the foregoing, the amount of water which decrease the cost by acting as an inexpensive filler, decrease 
should be added to the mixture will depend to a large extent the weight, and/or increase the insulation ability of the 
on the level of particle packing density within the mixture, 60 resultant highly inorganically filled sheet. In addition, plate- 
the amount of water-dispersable binder that is added, as well like aggregates, such as mica and kaolin, can be used in 
as the desired rheology of the resultant moldable mixture. order to create a smooth surface finish in the sheets of the 
Hence, the amount of water that will be added to form the present invention. Typically, larger aggregates, such as cal- 
moldable mixture will range from as little as 5% to as high cium carbonate, give a matte surface, while smaller particles 
as 50% by volume of the moldable mixture. The exact 65 give a glass surface. The advantage of the present invention 
amount of water will greatly vary depending on the volume over the manufacture of conventional paper is that any of 
and identity of other components and admixtures within the these materials may be added directly into the matrix. 
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Examples of useful aggregates include perlite, cement increases the internal cohesion of the moldable 

vermiculite, sand, gravel, rock, limestone, sandstone, glass mixture, perhaps because of the increase in amount of 

beads, aerogels, xerogels, seagel, mica, clay, synthetic clay, aluminates within this type of cement Finally, although the 

alumina, silica, fly ash, fumed silica, fused silica, tabular mechanism is not clear, it appears that hydraulic cement may 

alumina, kaolin, microspheres, hollow glass spheres, porous 5 interact to some degree with the large number of hydroxyl 

ceramic spheres, gypsum dihydrate, calcium carbonate, cal- groups present on many organic polymer binders. The 

ciumaluminate, cork, seeds, lightweight polymers, xonotlite hydroxyl groups of such binders will, at a minimum, have 

(a crystalline calcium silicate gel), lightweight expanded hydrogen bonding-like interactions with the highly polar 

clays, hydrated or unhydrated hydraulic cement particles, hydraulic cement gel products, being known to adsorb onto 

pumice, exfoliated rock, and other geologic materials. Par- 10 the surface of cement particles. 

u'ally hydrated and hydrated cement, as weE as silica fume, Because of the nature of the moldable mixtures and sheets 

have a high surface area and give excellent benefits such as made therefrom, it is possible to include lightweight aggre- 

high initial cohesiveness of the freshly formed sheet. gates having a high amount of interstitial space in order to 

Even discarded inorganically filled materials, such as impart an insulation effect with the molded sheets. Examples 

discarded sheets, containers, or other objects of the present 15 of aggregates which can add a lightweight characteristic to 

invention can be employed as aggregate fillers and strength- the moldable mixture include perlite, vermiculite, glass 

eners. It will also be appreciated that the sheets and other beads, hollow glass spheres, synthetic materials (e.g., porous 

objects of the present invention can be easily and effectively ceramic spheres, tabular alumina, etc.), cork, lightweight 

recycled by simply adding them to fresh moldable mixtures expanded clays, sand, gravel, rock, limestone, sandstone, 

as an aggregate filler. 20 pumice, and other geological materials. 

Both clay and gypsum are particularly important aggre- In addition to conventional aggregates used in the paper 

gate materials because of their ready availability, extreme and cement industries, a wide variety of other aggregates, 

low cost, workability, ease of formation, and because they including fillers, strengtheners, including metals and metal 

can also provide a degree of binding and strength if added alloys (such as stainless steel, calcium aluminate, iron, 

in high enough amounts. "Clay" is a term that refers to 25 copper, silver, and gold), balls or hollow spherical materials 

materials found in the earth that have certain chemical (such as glass, polymeric, and metals), filings, pellets, pow- 

compositions and properties. The predominant clays include ders (such as microsilica), and fibers (such as graphite, 

silica and alumina (used for making pottery, tiles, brick, and silica, alumina, fiberglass, polymeric, organic fibers, and 

pipes) and kaolinite. The kaolinic clays are anauxite, which other such fibers typically used to prepare various types of 

has the chemical formula Al 2 0 3 .Si0 2 .H 2 0, and 30 composites), may be added to the moldable mixtures within 

montmorilonite, which has the chemical formula the scope of the present invention. Even materials such as 

Al2O3.SiO2.H2O. However, clays may contain a wide vari- seeds, starches, gelatins, and agar-type materials can be 

ety of other substances, such as iron oxide, titanium oxide, incorporated as aggregates. Although these later aggregates 

calcium oxide, calcium oxide, zirconium oxide, and pyrite. are organic (although readily biodegradable), they are 

In addition, although clays have been used for millennia 35 included here because they act primarily as a filler not a 

and can obtain hardness even without being fired, such binder. 

unfired clays are vulnerable to water degradation and Another class of aggregates that may be added to the 

exposure, are extremely brittle, and have low strength. inorganically filled mixture includes gels and microgels such 

Nevertheless, clay makes a good, inexpensive aggregate as silica gel, calcium silicate gel, aluminum silicate gel, and 

within the inorganically filled composites of the present 40 the like. These can be added in solid form as any ordinary 

invention. aggregate material might, or they may be precipitated in situ. 

Similarly, gypsum hemihydrate is also hydratable and Because they tend to absorb water, they can be added to 

forms the dihydrate of calcium sulfate in the presence of reduce the water content (which will increase the yield 

water. Thus, gypsum may exhibit the characteristics of both stress) of the moldable mixture. 

an aggregate and a binder depending on whether (and the 45 In addition, the highly hygroscopic nature of silicabased 
concentration of) the hemihydrate or dihydrate form is gels and microgels allows them to be used as moisture 
added to a moldable mixture. regulation agents within the final hardened sheet By absorb- 
Even hydraulic cement, such as portland cement, can be ing moisture from the air, the gels and microgels will cause 
added as an inorganic filler material within the moldable the inorganically filled sheets to retain a predetermined 
mixtures of the present invention. Not only are hydraulic 50 amount of moisture under normal ambient conditions. (Of 
cements relatively inexpensive and plentiful, but they also course, the rate of moisture absorption from the air will 
can impart a degree of binding to the inorganically filled correlate with the relative humidity of the air). Controlling 
matrix if included in high enough amounts. In addition, the moisture content of the sheets allows for more careful 
hydraulic cement chemically reacts with water, thereby control of the elongation, modulus of elasticity, bendability, 
causing an internal drying effect within the moldable mix- 55 foldability, flexibility, and ductility of the sheets, 
tare which effectively removes at least some of the water B is also within the scope of the present invention to 
within the mixture without the need for evaporation. The include polymerizable inorganic aggregate materials, such 
same is true for gypsum hemihydrate and calcined clay. as polymerizable silicates, within the moldable mixture. 
Prehydrated cement particles may also be added as an These may be added to the mixture as ordinary silica or 
aggregate filler. One difference between unhydrated and 60 silicates, which are then treated to cause a polymerization 
prehydrated cement is that the latter has a distinctly different reaction in situ in order to create the polymerized silicate 
morphology, including microgel and platelets. aggregate. Polymerized inorganic aggregates are often 
In addition, the hydraulic cement clan effect the rheology advantageous in certain application because of fheir 
of the moldable mixture, at least in part, by chemically increased flexibility compared to most other inorganic 
reacting with the water, thereby (iiminishing the amount of 65 aggregate materials. 

water available to lubricate the aggregate particles and It is often preferable, according to the present invention, 

fibers. In addition, it has been found that portland grey to include a plurality of differently sized and graded aggre- 
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gates capable of more completely filling the interstices mixtures of gases, or a partial vacuum which also tends to 

between the aggregate particles and fibers within the mold- greatly reduce the strength of such aggregates. Therefore, 

able mixture. Optimizing the particle packing density concerns for insulation and strength tend to compete and 

reduces the amount of water that is required to obtain the should be carefully balanced when designing a particular 

desired level of workability by eliminating spaces which 5 mixed design. 

would otherwise be filled with interstitial water, often The preferred insulating, lightweight aggregates include 
referred to as "capillary water." expanded or exfoliated vermiculite, perlite, calcined diato- 
In order to optimize the packing density, differently sized maceous earth, and hollow glass spheres — all of which tend 
aggregates with particle sizes ranging from as small as about to contain large amounts of incorporated interstitial space. 
0.05 microns to as large as about 2 mm may be used. (Of to However, this list is in no way intended to be exhaustive, 
course, the desired purpose and thickness of the resulting these aggregates being chosen because of their low cost and 
product will dictate the appropriate particle sizes of the ready availability. Nevertheless, any aggregate with a low 
various aggregates to be used.) It is within the skill of one k-factor, which is able to impart sufficient insulation prop- 
in the art to know generally the identity and sizes of the erties to the sheet or other article made therefrom, is within 
aggregates to be used in order to achieve the desired 15 the scope of the present invention. 

rheological properties of Ihe green moldable mixtures, as In light of the foregoing, the amount of aggregate which 

well as the final strength and weight properties of the final will be added to the moldable mixture will depend on a 

hardened inorganically filled composite. variety of factors, including the quantity and identifies of the 

In certain preferred embodiments of the present invention. other added components, as well as the particle packing 
it may be desirable to maximize the amount of the aggre- 20 density of the aggregates themselves. The inorganic aggre- 
gates within the moldable mixture in order to maximize the gate will preferably be included in an amount as low as 
properties and characteristics of the aggregates (such as about 40% by volume of the total solids content of the 
qualities of strength, low density, or high insulation). The hardened sheet, and as high as about 98%, more preferably 
use of particle packing techniques may be employed within in the range from about 50% to about 95%, and most 
the highly inorganically filled material in order to maximize 25 preferably in the range from about 60% to about 80% by 
the amount of such aggregates. volume of the total solids. 

A detailed discussion of particle packing can be found in As set forth above, differently sized aggregate materials 

the following article coauthored by one of the inventors of may be added in varying amounts in order to affect the 

me present invention: Johansen, V. & Andersen, P. J., particle -packing density of the moldable mixture. Depend- 

"Particle Packing and Concrete Properties," Materials Sci- 30 ing upon the natural packing density of each aggregate 

ence of Concrete II at 111-147, The American Ceramic material, as well as the relative sizes of the particles, it is 

Society (1991). Further information is available in the possible that the resulting volume of the combined aggre- 

Doctoral Dissertation of Anderson, P. J., "Control and Moni- gates will be less than the sum of the volumes of the 

taring of Concrete Production— A Study of Particle Packing aggregates before they were mixed. 

andRheology," The Danish Academy of Technical Sciences. 35 H. Fibers. 

For purposes of disclosure, the foregoing article and doc- As used in the specification and the appended claims, the 

toral dissertation are incorporated herein by specific refer- terms "fibers" and "fibrous materials" include both inorganic 

ence. The advantages of such packing of the aggregates can fibers and organic fibers. Fibers are a particular kind of 

be further understood by reference to the examples which aggregate which may be added to the moldable mixture to 

follow in which hollow glass spheres of varying sizes are 40 increase the cohesion, elongation ability, deflection ability, 

mixed in order to maximize the amount of the insulating toughness, fracture energy, and flexural, tensile, and on 

spheres within the moldable mixture. occasion compressive strengths of the resulting inorgani- 

In embodiments in which it is desirable to obtain a sheet cally filled material. Fibrous materials reduce the likelihood 

(or object made therefrom) having high insulation that the highly inorganically filled sheets, or articles made 

capability, it may be preferable to incorporate into the highly 45 therefrom, will shatter when cross-sectional forces are 

inorganically filled matrix a lightweight aggregate which has applied. 

a low thermal conductivity, or "k-factor" (defined as Fibers which may be incorporated into the inorganically 

W/m.K). The k-factor is roughly the reciprocal of the filled matrix preferably include naturally occurring organic 

expression commonly used in the United States to describe fibers, such as cellulosic fibers extracted from hemp, cotton, 

the overall thermal resistance of a given material, or 50 plant leaves, wood, or stems, or inorganic fibers made from 

"R-factor," which is generally defined as having units of glass, graphite, silica, ceramic, or metal materials. 

hrJt 2o F./BTU. The term R-factor is most commonly used in Preferred fibers of choice include glass fibers, abaca, 

the United States to describe the overall thermal resistance bagasse, wood fibers (both hard wood or soft wood, 

of a given material without regard to the thickness of the examples of which include southern hardwood and southern 

material. However, for purposes of comparison, it is com- 55 pine, respectively), and cotton. Recycled paper fibers can be 

mon to normalize the R-factor to describe thermal resistance used, but they are somewhat less desirable because of the 

per inch of thickness of the material in question or hr.ft 2c F./ fiber disruption that occurs during the original paper manu- 

BTU.in. factoring process. Any equivalent fiber, however, which 

For purposes of this specification, the insulation ability of imparts strength and flexibility is also within the scope of the 

a given material will here and after be expressed only in 60 present invention. For purposes of illustration, abaca fibers 

terms of the IUPAC method of describing thermal are available from Isaroglnc. in the Philippines, while glass 

conductivity, i.e., "k-factor." (The conversion of thermal fibers, such as Cemfill®, are available from PiMngton Corp. 

resistance expressed in British units (hr.ft 2o F7BTU.in) to in England. 

IUPAC units can be performed by multiplying the normal- These fibers are preferably used in the present invention 

ized number by 6.9335 and then taking the reciprocal of the 65 due to their low cost, high strength, and ready availability, 

product.) Generally, aggregates having a very low k-factor Nevertheless, any equivalent fiber which imparts compres- 

also contain large amounts of trapped interstitial space, air, sive and tensile strength, as well as toughness and flexibility 
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(to the extent needed), is certainly within the scope of the 
present invention. The only limiting criteria is that the fibers 
impart the desired properties without adversely reacting with 
the other constituents of the inorganically filled material and 
without contaminating the materials (such as food) stored or 5 
dispensed in objects made from sheets containing such 
fibers. 

The fibers used in making the sheets of the present 
invention preferably have a high length to width ratio (or 
"aspect ratio") because longer, narrower fibers can impart 1Q 
more strength to the inorganically filled structural matrix 
without significantly adding bulk and mass to the composite 
materials. The fibers should have an average aspect ratio of 
at least about 10:1, preferably at least about 100:1, and most 
preferably greater than about 200:1. Nevertheless, fibers 
having a smaller aspect ratio are generally more easily 15 
placed within the sheet and yield a sheet with more unifor- 
mity and fewer defects. 

The amount of fibers added to the moldable mixture will 
vary depending upon the desired properties of the final 
product, with tensile strength, toughness, flexibility, and cost 20 
being the principle criteria for determining the amount of 
fiber to be added in any mix design. The concentration of 
fibers within the final hardened sheet will preferably be in 
the range from about 0.5% to about 50% by volume of the 
total solids content, more preferably from about 2% to about 25 
30%, and most preferably from about 5% to about 20%. (In 
light of these ranges and those given with respect to the 
organic polymer binder, the total amount of organics within 
the hardened sheet will preferably be less than about 60% by 
volume of the total solids content, more preferably less than 30 
about 40%, and most preferably less than about 30%.) 

It has been found that slight increases of fiber concentra- 
tion below about 20% fiber by volume tend to dramatically 
increase the strength, toughness, and bending endurance of 
the finished sheet. Adding fibers above about 20% by 35 
volume will produce a less dramatic increase in the strength 
and flexibility of the sheet, although such increases may be 
economically justified in some circumstances. 

It will be appreciated, however, that the strength of the 
fiber is a very important feature in detennining the amount 40 
of the fiber to be used. The stronger the tensile strength of 
the fiber, the less the amount of fiber that must be used to 
obtain a given tensile strength in the resulting product. Of 
course, while some fibers have a high tensile and tear and 
burst strength, other types of fibers with a lower tensile 45 
strength may be more elastic. Fibers with a smaller aspect 
ratio are more easily placed and yield a sheet with fewer 
defects, while a larger aspect ratio increases the strength- 
imparting effect of the fiber. A combination of two or more 
fibers may be desirable in order to obtain a resulting product 50 
that maximized multiple characteristics, such as higher 
tensile strength, higher elasticity, or better fiber placement 

It should also be understood that some fibers, such as 
southern pine and abaca, have high tear and burst strengths, 
while others, such as cotton, have lower strength but greater 55 
flexibility. In the case where better placement, higher 
flexibility, and higher tear and burst strength are desired, a 
combination of fibers having varying aspect ratios and 
strength properties can be added to the mixture. For 
example, a mixture of southern hard wood and southern pine 60 
allows for better dispersion of the fibers throughout the 
moldable mixture, yielding a sheet with good fiber disper- 
sion and excellent folding endurance. In any event, as set 
forth more fully above, the fibers used in the present 
invention preferably do not undergo the intense processing 65 
of fibers used to make paper. Because of this, they maintain 
far more of their original strength. 
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Finally, it is known that certain fibers and inorganic fillers 
are able to chemically interact and bind with certain starch- 
based organic polymer binders, thereby adding another 
dimension to the materials of the present invention. For 
example, it is known that many fibers and inorganic fillers 
are anionic in nature and have a negative charge. Therefore, 
in order to maximize the interaction between the organic 
binder and the anionic fibers and inorganic materials, it may 
be advantageous to add a positively charged organic binder, 
such as a cationic starch. 

Better water resistance can be obtained by treating the 
fibers with rosin and alum (Al^SO^) or NaAKSO^, the 
latter of which precipitate out the rosin onto the fiber surface 
making it highly hydrophobic. The aluminum floe that is 
formed by the alum creates an anionic adsorption site on the 
fiber surface for a positively charged organic binder, such as 
a cationic starch. 

L Dispersants 

The term "dispersant" is used herein to refer to the class 
of materials which can be added to reduce the viscosity and 
yield stress of the moldable mixture. A more detailed 
description of the use of dispersants may be found in the 
Master's Thesis of Andersen, P. J., "Effects of Organic 
Superplasticizing Admixtures and their Components on Zeta 
Potential and Related Properties of Cement Materials" (The 
Pennsylvania State University Materials Research 
Laboratory, 1987). For purposes of disclosure, the foregoing 
Master's Thesis is incorporated herein by specific reference. 

Dispersants generally work by being adsorbed onto the 
surface of the aggregate particles and/or into the near colloid 
double layer of the particles, particularly if hydraulic cement 
particles are added. This creates a negative charge on or 
around the surfaces of the particles causing them to repel 
each other. This repulsion of the particles adds "lubrication" 
by reducing the friction or attractive forces that would 
otherwise cause the particles to have greater interaction. 
Hence, the packing density is increased somewhat and less 
water may be added initially while maintaining the work- 
ability of the moldable mixture. 

Greatly reducing the viscosity and yield stress may be 
desirable where plastic-like properties, cohesiveness, and/or 
form stability are less important. Adding a dispersant aids in 
keeping the moldable mixture workable even when very 
little water is added. 

Nevertheless, due to the nature of the coating mechanism 
of the dispersant, the order in which the dispersant is added 
to the mixture can often be critical. If certain water- 
dispersable organic binders (such as Tylose®) are used, the 
dispersant should be added to a mixture containing water 
and at least part of the inorganic aggregates first and then the 
binder should be added second. Otherwise, the dispersant 
will be less able to become adsorbed onto the surface of the 
aggregate particles because the Tylose® will first be irre- 
versibly adsorbed, thereby forming a protective colloid on 
the surface and thereby preventing the dispersant from being 
adsorbed. 

A preferred dispersant is sulfonated naphthaleneformal- 
dehyde condensate, an example of which is marketed under 
the trademark WRDA 19, which is available from W. R. 
Grace, Inc. Other dispersants which can also work well 
include sulfonated melamine-formaldehyde condensate, 
lignosulfonate, and polyacrylic acid. 

The dispersants contemplated within the present inven- 
tion have sometimes been referred to in the concrete indus- 
try as "superplasticizers." In order to better distinguish 
dispersants from other rheology-modifying agents, which 
often act as plasticizers, the term "superplasticizer" will not 
be used in mis specification. 
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The amount of added dispersant will generally range up to 
about 5% by weight of the water, more preferably in the 
range from about 0.5% to about 4%. and most preferably 
within the range from about 1% to about 2%. 

J. Air Voids. 

Where insulation, not strength, is the overriding factor 
(Le., whether it is desired to insulate hot or cold materials), 
it may be desirable to incorporate tiny air voids within the 
structural matrix of the sheets in addition to lightweight 
aggregates in order to increase the insulating properties of 
the sheet or article made therefrom The incorporation of air 
voids into the moldable mixture is carefully calculated to 
impart the requisite insulation characteristics without 
degrading the strength of the sheet to the point of nonutility. 
Generally, however, if insulation is not an important feature 
of a particular product, it is desirable to minimize any air 
voids in order to maximize strength and minimis volume. 

In certain embodiments, nonagglomerated air voids may 
be introduced by high shear, high speed mixing of moldable 
mixture, with a foaming or stabilizing agent added to the 
mixture to aid in the incorporation of air voids. The high 
shear, high energy mixers discussed above are particularly 
useful in achieving this desired goal. Suitable foaming and 
air entraining agents include commonly used surfactants. 
One currently preferred surfactant is a polypeptide alkylene 
polyol. such as Mearlcrete® Foam Liquid. 

In conjunction with the surfactant, it will be necessary to 
stabilize the entrained air within the material using a stabi- 
lizing agent like Mearlcel 3532®, a synthetic liquid anionic 
biodegradable solution. Both Mearlcrete® and Mearlcel® 
are available from the Mearl Corporation in New Jersey. 
Another foaming and air-entraining agent is vinsol resin. In 
addition, the organic polymeric binder can act to stabilize 
nie entrained air. Different air-entraining agents and stabi- 
lizing agents impart different degrees of foam stability to the 
inorganically filled mixture, and they should be chosen in 
order to impart the properties that are best suited for a 
particular manufacturing process. 

Foam stability helps maintain the dispersion, and prevents 
the agglomeration, of the air voids within the unhardened 
moldable mixture. Failure to prevent the coalescence of the 
air voids actually decreases the insulation effect, and it also 
greatly decreases the strength of the hardened moldable 
mixture. Raising the pH, increasing the concentration of 
soluble alkali metals such as sodium or potassium, adding a 
stabilizing agent such as a polysaccharide rheology- 
modifying agent, and carefully adjusting the concentrations 
of surfactant and water within the moldable mixture all help 
to increase the foam stability of the mixture. 

During the process of molding and/or hardening the 
moldable mixture, it is often desirable to heat the moldable 
mixture in order to increase the volume of the air void 
system. Heating also aids in rapidly removing significant 
amounts of the water from the moldable mixture, thereby 
increasing the green strength of the molded product 

If a gas has been incorporated into the moldable mixture, 
heating the mixture to 250° C, for example, will result 
(according to the ideal gas equation) in the gas increasing its 
volume by about 85%. When heating is appropriate, it has 
been found desirable for the heating to be within a range 
from about 100° C. to about 250° C. The upper limit is set 
by any adverse reactions within the moldable mixture that 
might occur, such as the burning of the fibers or organic 
binder. More importantly, if properly controlled, heating will 
not result in the cracking of the structural matrix of the sheet, 
or yield imperfections in the surface texture of the sheet. 

Another foaming agent is a mixture of citric acid and 
bicarbonate or bicarbonate that has been processed into 
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small granules or particles and coated with wax, starch, or 
water soluble coatings. This can be used in void formation 
two ways: (1) to react with water and form C0 2 gas in order 
to create a cellular foam structure within the inorganically 

5 filled matrix or (2) to pack the particles as part of the matrix 
and after hardening the matrix remove the foam particles by 
heating the product above 180° C, which causes an endot- 
hermic decomposition of the particles, leaving behind a well 
controlled cellular lightweight structure. 

1Q In other applications, where the viscosity of the moldable 
mixture is high, such as is required in certain molding 
processes, it is much more difficult to obtain adequate 
numbers of air voids through high shear mixing. In this case, 
air voids may alternatively be introduced into the moldable 
mixture by adding an easily oxidized metal, such as 

15 aluminum magnesium, zinc, or tin to a mixture that is either 
naturally alkaline (such as a mixture containing hydraulic 
cement or calcium oxide) or one that has been made alkaline 
by the addition of a strong base, such as sodium hydroxide. 
This reaction results in the evolution of tiny hydrogen 

20 bubbles throughout the moldable mixture. 

II may further be desirable to heat the mixture in order to 
initiate the chemical reaction and increase the rate of for- 
mation of hydrogen bubbles. It has been found that heating 
the molded product to temperatures in the range of from 

25 about 50° C. to about 100° C, and preferably about 75° C. 
to about 85° C, effectively controls the reaction and also 
drives off a significant amount of the water. Again, this 
heating process can be controlled so that it does not result in 
the introduction of cracks into the matrix of the molded 

30 product. This second method of introducing air voids into 
the structural matrix can be used in conjunction with, or in 
place of. the introduction of air through high speed, high 
shear mixing in the case of lower viscosity moldable mix- 
tures used in some molding processes. 

35 Finally, air voids may be introduced into the moldable 
mixture during the molding process by adding a blowing 
agent to the mixture, which will expand when heat is added 
to the mixture. Blowing agents typically consist of a low 
boiling point liquid and finely divided calcium carbonate 

40 (chalk). The talc and blowing agent are uniformly mixed 
into the moldable mixture and kept under pressure while 
heated. The liquid blowing agent penetrates into the pores of 
the individual chalk particles, which act as points from 
which the blowing agent can then be vaporized upon thermal 

45 expansion of the blowing agent as the pressure is suddenly 
reduced. 

During the molding or extrusion process, the mixture is 
heated while at the same time it is compressed. While the 
heat would normally cause the blowing agent to vaporize, 

50 the increase in pressure prevents the agent from vaporizing, 
thereby temporarily creating an equilibrium When the pres- 
sure is released after the molding or extrusion of the 
material, the blowing agent vaporizes, thereby expanding or 
"blowing" the moldable material. The moldable material 

55 eventually hardens with very finely dispersed voids through- 
out the inorganically filled structural matrix. Water can also 
act as a blowing agent as long as the mixture is heated above 
the boiling point of water and kept under pressure of up to 
50 bars. 

60 Air voids increase the insulative properties of the sheets 
and other articles made therefrom and also greatly decrease 
the bulk density and, hence, the weight of the final product 
This reduces the overall mass of the resultant product, which 
reduces the amount of material that is required for the 

65 manufacture of the sheets and which reduces the amount of 
material that will ultimately be discarded in the case of 
disposable sheets or containers made therefrom. 



5,6( 

35 

n. Manufacturing Sheets From Moldable Mixtures. 

A comprehensive production sequence of the present 
invention is set forth in FIG. 1A, including the apparatus for 
carrying out the following manufacturing steps: (1) mixing 
the moldable mixture; (2) extruding the mixture into a sheet, 
pipe, or other object through an appropriate extruder die; (3) 
passing the extruded sheet through a series of paired rollers 
in order to reduce the thickness and/or improve the surface 
qualities of the sheet; (4) at least partially drying the sheet 
by rolling it onto one or more drying rollers; (5) optionally 
compacting the sheet while in a slightly moist condition in 
order to eliminate unwanted spaces within the inorganically 
filled matrix of the sheet and to increase the density and 
resulting strength of the sheet; (6) optionally drying the 
sheet after it has been compacted; (7) optionally finishing 
the sheet by passing it between one or more pairs of rollers, 
including one hard and one soft roller; and (8) optionally 
rolling the substantially hardened and dried sheet onto a 
spool to form a roll which can be stored and used when 
needed. 

A more detailed discussion of similar processes used to 
manufacture sheets having a hydraulically settable structural 
matrix is set forth in the Andersen-Hodson Technology. For 
purposes of disclosure, this reference is incorporated herein 
by specific reference. 

In the case where the moldable mixture is extruded into 
any object other than a sheet, it may be necessary to "open 
up" the object into a sheet, such as continuously cutting a 
pipe to form a sheet. If another shape is extruded, other 
procedures (such as the use of additional rolling processes) 
may need to be employed. However, the same principles 
described herein would apply to other extruded shapes. Each 
of these manufacturing steps is set forth more fully herein- 
below. 

A. Preparing The Moldable Mixture. 

The first step in the manufacture of sheets involves the 
formation of a suitable moldable inorganically filled mixture 
having the desired properties workability and green strength, 
as well as strength, flexibility, toughness, and degradability 
of the final hardened product Using a micro-structural 
engineering approach, one skilled in the art can select the 
components, as well as their relative concentrations, in order 
to obtain a moldable mixture having the desired properties. 

Some of the properties considered to be generally desir- 
able with regard to the moldable mixture are adequate 
workability, plastic-like qualities, and green strength for a 
given extrusion, rolling, and/or molding process. As set forth 
above, the level of water, water-dispersable organic polymer 
binder, and (optionally) dispersant will determine the level 
of workability and extrudability of the mixture, as will the 
other components within the mixture, such as aggregates, 
fibers, air entraining agents, etc. However, no one compo- 
nent will completely determine the rheology and other 
properties of the moldable mixture. Rather, each of the 
components work together in an interrelated fashion. 

1. Effect of Component on Mixture Rheology 

The amount of water that should be added to obtain a 
mixture having adequate workability and flowability will 
depend on the concentration and particle packing density of 
the inorganic filler, the amount of fibers, the identity and 
quantity of the organic binder, and the identity and quantity 
of other admixtures (such as dispersants, plasticizers, or 
lubricants). In general, however, the addition of more water 
will decrease the viscosity and yield stress of the mixture, 
thereby increasing the flowability of the mixture and 
decreasing the form stability of an object molded therefrom. 
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The water-dispersable organic polymer binder can greatly 
affect the rheology of the mixture depending on the identity, 
concentration, and extent of gelation of the organic binder. 
As set forth above, preferred organic polymer binders can 

5 roughly be divided into the following categories: cellulose- 
based, starch-based, protein-based, polysaccharide-based, 
and synthetic organic. Within each of these broader catego- 
ries are numerous subcategories and divisions. A unifying 
feature of each of these materials is that they will generally 

10 dissolve in, or at least be fairly thoroughly dispersed by, 
water. Hence, they require adequate levels of water for their 
dispersion and activation (including gelation) within the 
moldable mixture. 
Nevertheless, the organic polymer binders have greatly 

15 varying levels of water solubility or dispersability, as well as 
varying levels of viscosity and yield stress. Organic poly- 
mers within the same class may have greatly varying vis- 
cosities depending on the molecular weight For example, a 
2% solution of Tylose® FL 15002 at 20° C. has a viscosity 

20 of about 15000 cps, while a similar solution of Tylose® 
4000 has a viscosity of about 4000 cps. The former greatly 
increases the yield stress and plastic-like properties of a 
moldable mixture, while the latter may act more as a 
lubricant or plasticizer. 

25 Other organic polymers react at different rates and differ- 
ent temperatures within the water. Although many organic 
polymer binders such as 'lylose® neither polymerize or 
depolymerize when added to the moldable mixture, but 
rather gelate and then dry out to form a bonding matrix, it 

30 is within the scope of the present invention to add water 
soluble or water-dispersable polymerizable units to the 
moldable mixture which will thereafter polymerize in situ 
over time. The rate of the polymerization reaction can be 
regulated by adjusting the temperature of the mixture and/or 

3S adding a catalyst or inhibitor. Examples of polymerizable 
units which may be added to a moldable mixture include 
Cellosize and latex forming monomers. 

With regard to gelation, most cellulose-based polymers 
(such as Tylose®) will readily gelate in water at room 

40 temperature. Others such as many starches will only gelate 
in water at higher temperatures. Certain modified starches 
can, however, gelate at room temperature. Hence, cellulose- 
based and modified starch-based polymer binders are advan- 
tageous in that a moldable mixture can be formed therefrom 

45 at room temperature. Nevertheless, they are generally sig- 
nificantly more expensive than typical starch-based poly- 
mers which must be heated to gelate. A preferred starch- 
based polymer is National 51-6912, which may be 
purchased from National Starch. 

50 Depending on the desired rheology of the moldable 
mixture, including where it is desired to affect the viscosity 
or yield stress as a function of time or temperature, it may 
be preferable to add a number of different organic polymer 
binders to the moldable mixture. Cellulose-based organic 

55 polymer binders will generally impart their maximum Theo- 
logical affect almost immediately, while polymerizable 
binders will stiffen over time and starch-based binders will 
stiffen as the temperature of the mixture is increased. 
Other admixtures which may be added to directly influ- 

60 ence the rheology of the moldable mixture include 
dispersants, plasticizers, and lubricants. Dispersants such as 
sulfonyl-based materials greatly decrease the viscosity and 
increase the workability of the moldable mixture while 
keeping the amount of water constant A corollary is that 

65 using a dispersant allows for the inclusion of less water 
while maintaining the same level of workability. A preferred 
plasticizer and lubricant is polyethylene glycol. 
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The amount, identity, and particle packing density of the sheet can be pulled through the rollers and yet maintain its 

inorganic aggregate filler can greatly affect the Theology and form until it has dried sufficiently to obtain sufficient 

workability of the moldable mixture. Inorganic aggregates strength. 

which are Porousor which have a high specific surface area FinaU ^ ^ nents wimin the such as 

will tend to absorb more water than nonporous aggregates, 5 fibeK J m ^ ±e ^ of ^ m similar 

thereby reducing the amount of water available to lubricate f . . , . . . ^ ^ - ~ 

the particles. This results in a stiffen more viscous mixture. f f m ° n to the tnorgamc aggregates. Certain fibers may 

Particle packing density can also have a tremendous impact absorb water depending on their porosity and swelling 

onmerheologyofmenmturebydeterminingtheamountof capability. In addition, certain fibers can be treated to 

interstitial space which generally must be ruled by water, ln bec ° me charged, which will allow them to chemi- 

l U bricants,organicpolymers,orotherUquidsinorderforthe 10 ^ mteract with lomcaUy charged organic plasticrzers, 

mixture to flow * s as lomc starches. In this way the libers may affect the 

By way of example, an aggregate system having a pack- rheology of the mixture to some degree, 

ing density of 0.65 will generally require about 35% liquids 2 . Effect of Components on Final Properties 

(including water) by volume in order to substantially fill the 15 

interstitial space between the particles. On the other hand, an wim regard to toe final dried or hardened product, some 
aggregate system having a packing density of 0.95 will 01 the properties considered generally desirable to design 
generally require only about 5% liquids by volume in order into the structural matrix of the sheet include high tensile 
to substantially fill the voids. This represents a seven-fold strength (in general or along particular vectors), flexural 
decrease in the amount of water required to nil the interstitial 20 strength, flexibility, and ability to elongate, deflect or bend, 
space, which directly correlates to the rheological properties, In some cases, it may be desirable to obtain sheets which 
including the level of workability, of the mixture. The actual substantially incorporate the properties of conventional 
particle packing density will generally range somewhere paper or paperboard products. However, in other cases it 
between these two extremes and should be calculated when may be desirable to obtain a structural matrix having prop- 
determining how much water to add to the moldable mix- 25 ert i es not obtainable using ordinary wood pulp or other 
ture. The size and morphology of the aggregate particles can conventional paper-making starting materials. These may 
also affect the rheology and flow properties of the moldable include increased toughness, higher modulus, water 
mixture to some degree. resistance, or lower bulk density. 

In situations where the moldable mixture will be sub- In contrast to conventional paper or paperboard, in which 
jected to high pressures, such as extrusion or other high 30 the properties of the sheets are extremely dependent on the 
pressure molding processes, it may be possible to take properties of the pulps used, the properties of the inorgani- 
advantage of the interplay between the principles of particle cally filled sheets of the present invention are substantially 
packing and water deficiency in order to temporarily independent of the properties of the fibers used in making 
increase the workability and flowability while compressing the sheets. To be sure, using longer, more flexible fibers will 
the mixture. For purposes of this specification and the 35 impart more flexibility to the sheet than shorter, stiffer fibers, 
appended claims, the terms "water deficiency" or "defi- However, properties that are largely pulp-dependent in con- 
ciency of water" shall refer to a moldable mixture in which ventional papers can be designed into the inorganically filled 
there is insufficient water (and other liquids) to fully occupy sheet by adjusting the concentrations of the nonfibrous 
the interstitial space between the particles. Because of this, components of the moldable mixture as well as the process- 
there is insufficient water to adequately lubricate the par- 40 ing technique used. Such properties as stiffness, rigidity, 
ticles. surface finish, porosity, and the like are generally not depen- 

Nevertheless, upon applying a pressure that is great dent on the type of fibers used in the inorganically filled 

enough to temporarily increase the particle packing density, sheets. 

the amount of interstitial space between the particles will The flexibility, tensile strength, flexural strength, or 
decrease. Because water is incompressible and maintains the 45 modulus can be tailored to the particular performance cri- 
same volume under pressure, the increased pressure teria of the sheet, container, or other object made therefrom 
increases the apparent amount of water that is available to by altering the components and relative concentrations of 
lubricate the particles, thereby increasing the workability the components within the moldable mixture. In some cases, 
and flowability of the mixture. After the pressure is higher tensile strength may be an important feature. In 
removed, usually after the molding process had ended, the 50 others, it may be less significant. Some sheets should 
aggregate particles will tend to return to their pre- preferably be more flexible, while others will be stiff. Some 
compression density, thereby increasing the amount of inter- will be relatively dense, others will be thicker, lighter, and 
stitial space and creating an internal pressure. This results in more insulative. The important thing is to achieve a material 
an almost immediate increase in form stability and green which has properties appropriate for a particular use, while 
strength. 55 remaining cognizant of cost and other practical production 
Hydraulically settable inorganic aggregates such as line parameters. While having "too much" or "too little" of 
hydraulic cement, gypsum hemihydrate, and calcium oxide a particular property may be inconsequential from the stand- 
can be utilized as a water absorption mechanism. These point of performance, from a cost standpoint it may be 
chemically react with the water, thereby reducing the effec- wasteful or inefficient to provide for the particular property, 
five level of water within the moldable mixture without 60 In general, increasing the amount of organic polymer 
resorting to heating or drying techniques. Such materials can binder will increase the tensile and flexural strength of the 
greatly affect the rheology of the moldable mixtures as a final hardened sheet, while also greatly increasing the flex- 
function of the extent of hydration, which is a function of ibility and resilience of the sheet. Adding more organic 
time. In addition, it has been found that hydraulic cement polymer also decreases the stiffness of the sheet. Similarly, 
increases the cohesive strength of the green moldable mix- 65 increasing the concentration of fibers within the mixture also 
ture and a fresh sheet made therefrom. It is the cohesion that increases the tensile strength of the final sheet, particularly 
holds the inorganically filled material together so that the higher tensile strength fibers, such as ceramic fibers, 
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although such fibers are stiff and will yield a relatively stiff Sheets which have lower concentrations of organic binder 

hardened sheet. Conversely, adding flexible fibers, such as but higher fiber content will have higher tensile strength, 

natural cellulosic fibers, will greatly increase the flexibility, have higher toughness, have lower compressive and ftexural 

as well as the tensile, tear, and burst strengths of the sheet. strengths, have lower stiffness and higher flexibility, and be 

Different fibers have greatly varying degrees of tear and 5 fairly resistant to water degradation (particularly as the 

burst strength, flexibility, tensile strength, ability to elongate amount of hydraulic cement is increased). 

^^^^t^S^f^^^^Z ^organically Ailed sheets which have higher concentra- 

Shf?™™^ k^u t tions °f organic polymer binder and lower concentrations of 

preferable in some cases to combine two or more different ° <. , . , . . , , , . x 

Mnds of fibers within the moldable mixture. lfl fib< f„ ™? be . m ° re sol f le and degradable, easier to 

It should also be understood that certain sheet forming 10 ^ (fowmg for me manufacture of toner sheets) have 

processes, such as extrusion and rolling will tend to orient moderately high compressive and tensile strengths, higher 

the fibers in the direction of elongation of the mixture or moderate flexibility, and lower stiffness, 

sheet. This may be advantageous in order to maximize the Finally, inorganically filled sheets which have higher 

tensile strength of the sheet in a certain direction. For concentrations of organic polymer binder and fiber will have 

example, where the sheet will be required to bend along a properties that are most similar to conventional paper, will 

hinge, it is preferable for the fibers to be oriented in a way have higher tensile strength, toughness, and folding 

so as to more effectively bridge me two sides of me hinge or endurance, have moderately high compressive strength, 

bend by being oriented perpendicular to the fold line. It may ha ve very low resistance to water degradation, will have 

be desirable to concentrate more of the fibers in the area of 2Q lower resistance to heat (particularly those approaching 

a hinge or where the sheet requires increased toughness and ignition point of fibers or decomposition temperature of the 

strength. binder), and have higher flexibility and lower stiffness. 

The type of aggregate can also affect the properties of the The highly inorganically filled sheets formed using the 

final hardened sheet Aggregates comprising generally hard, compositions described herein will preferably have a tensile 

inflexible, small particles such as clay, kaolin, or chalk, will 25 strength in the range from about 0.05 MPa to about 70 MPa, 

generally result in a smoother sheet having an increased and more preferably in the range from about 5 MPa to about 

brittleness. Lightweight aggregates such as perlite or hollow 40 MPa. In addition, the sheets will preferably have a bulk 

glass spheres results in a sheet having lower density, lower density in the range from about 0.6 g/cm 3 to about 2 g/cm 3 . 

brittleness, and greater insulating ability. Aggregates such as Whether a sheet will have a density at the lower, 

crushed sand, silica, gypsum, or clay are extremely inex- 30 intermediate, or higher end of this range will generally 

pensive and can greatly reduce the cost of manufacturing a depend on the desired performance criteria for a given 

sheet therefrom. Any material with a high specific surface usage. In light of the foregoing, the highly inorganically 

area gives increased drying shrinkage and shrinkage defects. fsiled sheets of the present invention will preferably have a 

Materials with lower specific surface areas are advantageous tensile strength to bulk density ratio in the range from about 

because they are less sticky, which allows the sheet to be 35 2 MPa-cm 3 /g to about 200 MPa-cmVg, and more preferably 

processed by lower temperature rollers without sticking. in the range from about 3 MPa-cm 3 /g to about 50 MPa- 

Hydraulically settable aggregates such as hydraulic cm te- 
cement, gypsum hemihydrate, and calcium oxide may pro- The direction-specific strength properties of the highly 
vide small to significant degrees of binding within the inorganically filled sheets of the present invention should be 
hardened sheet depending on the amount in which such 40 contrasted with those of paper, which is known to have a 
hydraulically settable aggregates are added. These may strong and weak direction with regard to tensile and tearing 
increase the stiffness and compressive strength of the final strength. The strong direction in conventional paper is the 
sheet and, to some degree, the tensile strength. Hydraulic machine direction, while the weak direction is the cross- 
cement can also decrease the solubility of the sheet in water, machine direction. While the ratio of the strengths in the 
thereby increasing the resistance of the sheet to water 45 strong and weak direction is about 3:1 in conventional paper, 
degradation. in the present invention it is about 2:1, and can approach 

Finally, other admixtures within the moldable mixtures aoout 1=1 depending on the particular forming process used, 

can add a waterproofing property to the final product, such 111 general, decreasing the differential forming speed tends to 

as by adding rosin and alum to the mixture. These interact allow the fibers to remain in a more random orientation, 

to form a very water resistant component within the inor- 50 The term "elongate" as used in the specification and 

ganically filled matrix. In the absence of significant quan- appended claims with regard to the highly inorganically 

tities of such waterproofing agents, water can be used to filled sheet means that the structural matrix of the sheet is 

remoisten the sheet and temporarily increase the flexibility, capable of being stretched without rupturing and still have a 

bendability, and elongation before rupture of the sheet, finished surface. In other words, the inorganically filled 

particularly where the sheet will be formed into another 55 structural matrix of the sheet is capable of moving or 

article of manufacture, such as a container. Of course, water changing shape without rupture by application of a force 

can also facilitate the degradation of the sheet after it has such as pulling or stretching. The ability of the structural 

been discarded. Water resistance can be introduced by matrix of the sheet to elongate before rupture is measured by 

treating the sheet surface with a 5-10% w/w starch solution an Instron tensile test and a stress strain test, 

in order to seal the surface porosity. 60 By optimizing the mix design, it is possible to manufac- 

As a general rule, inorganically filled sheets which have ture a sheet which has a structural matrix capable of elon- 

lower concentrations of organic polymer binder and fiber gating up to about 20% in the fresh sheet before tearing or 

will be more rigid, have a higher insulation ability, have rapturing occurs and from about 0.5% to 8% in the dry sheet 

lower cohesiveness, resist heat damage, have lower tensile This is usually accomplished by optimizing the amounts of 

strength, and resist water degradation (particularly as they 65 fiber and organic binder within the moldable mixture and 

contain more hydraulic cement, the inclusion of which can resulting matrix. Producing a sheet which has a structural 

also increase the compressive strength of the final product). matrix capable of elongating within the specified range can 
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be accomplished by including fibers within the moldable 
mixture such that the final hardened sheet will contain fibers 
in an amount of up to about 50% by volume. The greater the 
amount of fibers or organic binder added, or the better the 
matrix to fiber interface, the more elongation that can 
generally be achieved without rupture of the sheet In 
addition, the elongation of a dry sheet can be increased by 
adding steam or moisture to the sheet in the order of up to 
10% by weight of the dry weight of the sheet However, this 
remoistening temporarily reduces the strength of the sheet 
until it has been dried out again. 

It should be understood that higher tensile strength, as 
well as greater elongation, will generally be obtained by 
increasing the amount of fibers within the inorganically 
filled matrix. This can be accomplished by adding more 
fibers to the moldable mixture or, alternatively, by attaching 
a layer of fibers (such as a sheet of paper) on the surface or 
within the interior of a highly inorganically filled sheet, or by 
combining fibers having varying properties of strength and 
flexibility. 

The term "deflect" as used in the specification and 
appended claims with regard to the inorganically filled sheet 
means that the sheet has a structural matrix capable of 
bending and rolling without rupture and change in the 
finished surface. The ability of the sheet to deflect is 
measured by measuring the elasticity modulus and the 
fracture energy of the sheet using means known in the art. As 
with any material, the bending ability of a sheet manufac- 
tured according to the present invention is largely dependent 
upon the thickness of the sheet 

One way to measure deflection without regard to sheet 
thickness is to define deflection as the relative elongation of 
one side of the sheet compared to the other side of the sheet 
As a sheet is rolled or bent around an axis, the length of the 
outer side of the sheet will elongate, while the inner side of 
sheet generally will not Consequently, a thinner sheet can be 
bent a far greater degree even though the relative elongation 
of the outer side compared to the elongation of the inner side 
is about the same as in a thicker sheet which cannot bend 
nearly as far. 

This ability of the sheet to deflect is related to the sheet's 
ability to be elastic, which is measured by Young's modulus; 
consequently, the optimal mix designs for achieving the 
desired deflection range can be optimized independently of 
elongation. Nevertheless, during the process of forming the 
sheet into an appropriate container or other object the 
bendability of the sheet can be temporarily increased by 
remoistening the sheet The water is believed to be absorbed 
by the fibers, water-dispersable organic binder, and the 
interstices between the aggregate particles. Upon drying the 
formed sheet, the level of bendability will generally decrease 
while the toughness and hardness of the sheet will generally 
increase. 

In order to obtain a sheet having die desired properties of 
strength, bendability, insulation, toughness, weight, or other 
performance criteria, the thickness of the sheet can be 
altered by adjusting the space between the rollers, as set 
forth more fully below. Depending on the thickness and 
desired performance criteria, the components and their rela- 
tive concentrations can be adjusted in order to accommodate 
a particular sheet thickness. The sheets of the present 
invention may be designed to have greatly varying thick- 
nesses; however, most products requiring a thin-walled 
material will generally have a thickness in the range from 
about 0.01 mm to about 3 mm. Nevertheless, in applications 
where insulation ability or higher strength or stiffness is 
more important, the sheet thickness may range up to about 
1 cm. 
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The preferred thickness of the sheets of the present 
invention will vary depending on the intended use of the 
inorganically filled sheet, container, or object made there- 
from. As a matter of example only, where high deflectability 

5 is desired, a thinner sheet will generally be preferred. 
Conversely, where strength, durability, and/or insulation and 
not deflectability are the overriding concerns, a thicker sheet 
will generally be preferred. Nevertheless, where it is desired 
to bend the sheets along a score, or at least roll them into 

to containers, the inorganically filled sheets will preferably 
have a thickness in the range from about 0.05 mm to about 
2 mm or more, and more preferably in the range from about 
0.15 mm to about 1 mm. 
Where a sheet is be used to print magazines or other 

15 reading material it will have a thickness that is comparable 
to conventional paper products, which typically have a 
thickness of about 0.05 mm. Printable sheets requiring 
greater flexibility and lower stiffness (such as regular pages 
of a magazine or brochure) will typically have a thickness of 

20 about 0.025-0.075 mm. Those requiring greater strength, 
stiffness, and lower flexibility (such as magazine or brochure 
covers) will have a thickness of about 0.1-2 mm. The 
thickness and flexibility of any particular sheet will depend 
on the desired performance criteria of the reading or other 

25 printed material in question. 

Another aspect of the present invention is the ability of the 
extruded and rolled material to have high green strength. 
This is achieved by adjusting the quantity and/or identity of 
the water-dispersable organic binder that is added to the 
moldable mixture, as well as the amount of the water. 
Although adding a relatively low amount of water initially 
will greatly increase the green strength of the molded 
material it is possible and often desirable to include a higher 
amount of water initially because it will increase the work- 

35 ability and the ability of certain molding processes described 
herein of quickly removing excess water through the appli- 
cation of heat 
As discussed more fully below, the moldable mixture is 

^ usually passed through a series of heated rollers which drive 
off a significant amount of water and aid in molding a sheet 
with high green strength. Nevertheless, one skilled in the art 
may adjust the water content so that the moldable mixture 
has an appropriate rheology so that it will be easily and 

4J effectively extruded through a particular die, and yet have 
sufficient form stability such that the integrity of the sheet is 
maintained as it is passed through a series of rollers during 
other processes. 
As previously discussed, the moldable mixture is micro- 

50 structurally engineered to have certain desired properties, 
bom as to the mixture itself, as weE as the final hardened 
product. Consequently, it is important to accurately meter 
the amount of material that is added during any batch or 
continuous admixing of the components. 

55 The currently preferred embodiment for preparing an 
appropriate moldable mixture in an industrial setting is 
equipment in which the materials incorporated into the 
moldable mixture are automatically and continuously 
metered, mixed (or kneaded), de-aired, and extruded by an 

60 auger extruder apparatus. It is also possible to premix some 
of the components in a vessel, as needed, and pump the 
premixed components into a kneading mixing apparatus. 

A double shaft sigma blade kneading mixer with an auger 
for extrusion is the preferred type of mixer. The mixer may 

65 be adjusted to have different RPMs and, therefore, different 
shear for different components. Typically, the moldable 
mixtures will be mixed for a maximum of about 10 minutes, 
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and thereafter emptied from the mixer by extrusion for a B. Forming Sheets from the Moldable Mixture, 

maximum of about 3 minutes. Once the moldable mixture has been properly blended, it 

The various component materials that will be combined j s then transported to the sheet forming apparatus, which 

within the moldable mixtures of the present invention are wi rj typically comprise an extruder and/or a set or series of 

readily available and may be purchased inexpensively in 5 rollers. In some cases an apparatus capable of both mixing 

bulk quantities. They may be shipped and stored in bags, and extruding me moldable be used m order to 

bins, or train cars, and later moved or unloaded using streamline me operation ^ ^ ^ coordination of 

conventional means known m the art. In addition the ^ varfous ^ nents withjn me tem Reference h now 

materials can be stored in large storage silos and then . . ,. ,. , ... _ / ^ 

withdrawn and transported by means of conveyors to the 10 made to f ^ n wluch f'ff 8 a c ^fZ P^ ed 

jjj^ site J 10 system for manufacturing sheets from a moldable mixture. 

In certain circumstances it may be desirable to mix some ™ c ^stem includes a mr^g apparatus 10, an extruder 20, 
of the components together in a high shear mixture in order eduction roEers 40 drying rofiers 50 optional compaction 
to form a more well dispersed, homogeneous mixture. For ? Ue 5 s 60 ' „ seco ?J ^ * oll< f ™ (PP***). °P*°nal 
example, certain libers may require such mixing in order to „ fimsmn S rollers 80 > and 0 P bonal s P ooler 90 - 
fully disagglomerate or break apart from each other. High 111 ±e ^ currently preferred sheet forming step, the 
shear mixing results in a more uniformly blended mixture, moldable mixture can be formed into sheets of precise 
which improves the consistency of the unhardened moldable thickness by first extruding the material through an appro- 
mixture as well as increasing the strength of the final P riate extruder die and then passing the extruded material 
hardened sheet. This is because high shear mixing more 2Q through at least one pair of reduction rollers (FIG. 1A). 
uniformly disperses the fiber, aggregate particles, and binder FIG. 2 is a closeup view of an auger extruder 20, which 
throughout the mixture, thereby creating a more homoge- includes a feeder 22 that feeds the moldable mixture into a 
neous structural matrix within the hardened sheets. first interior chamber 24 within Ihe extruder 20. Within the 

Different mixers are capable of imparting differing shear ^ interior chamber 24 is a first auger screw 26 which 

to the moldable mixer. For example, a kneader imparts ^ exerte forward pressure on and advances the moldable 

higher shear compared to a normal cement mixer, but is low mixture through the first interior chamber 24 toward an 

compared to an FJrich Intensive Mixer or a twin auger food evacuation chamber 28. Typically, a negative pressure or 

extruder. " vacuum will be applied to the evacuation chamber 28 in 

It should be understood however, that high shear, high order t0 remove unwanted air voids within the moldable 

speed mixing should not be used with materials that have a 30 rnixture - 

tendency to break down or disintegrate under such condi- Thereafter, the moldable mixture will be fed into a second 
tions. Certain lightweight aggregates, such as perlite or interior chamber 30. A second auger screw 32 will advance 
hollow glass spheres, will have a tendency to shatter or crush me mixture toward a die head 34 having a transverse slit 36 
under high shear conditions. In addition, high shear mixing with a die width 38 and a die thickness 39. The cross- 
by propeller is generally efficacious only where the mixture 35 sectional shape of the die slit 36 is configured to create a 
has relatively low viscosity. In those cases where it is sneet of a desired width and thickness that will generally 
desirable to obtain a more cohesive, plastic-like mixture, it correspond to the die width 38 and die thickness 39. 
may be desirable to blend some of the ingredients, including Alternatively, as seen in FIG. 3, the extruder may corn- 
water, in the high shear mixer and thereafter increase the prise a piston extruder 20' instead of an auger extruder 20. 
concentration of solids, such as fibers or aggregates, using a 40 A piston extruder utilizes a piston 22' instead of an auger 
lower shear kneading mixer. screw 22 in order to exert forward pressure on and advance 

As stated above, high shear mixing is especially useful the moldable mixture through the interior chamber 24'. An 
where it is desired to incorporate small, nonagglomerated air advantage of using a piston extruder is the ability to exert 
voids by adding an air entraining agent within the moldable much greater pressures upon the moldable mixture, 
mixture. In those cases, where a hydraulically settable 45 Nevertheless, due to the highly plastic-like nature of mix- 
material, such as hydraulic cement or calcium oxide has tures typically employed in the present invention, it is not 
been added to the mixture, it may be advantageous to flood generally necessary, or even advantageous, to exert pres- 
the atmosphere above the high shear mixer with carbon sures greater than those achieved using an auger extruder, 
dioxide in order to cause the carbon dioxide to react with the In contrast, an important advantage of using an auger 
mixture. It has been found that carbon dioxide can increase 50 extruder is that it allows for a continuous extrusion process, 
the foam stability of a cementitious mixture and cause an whereas a piston extruder will generally be useful for 
early false setting of hydraulic cement. It is also the con- extruding in batches. In addition, an auger extruder has the 
stituent which reacts with calcium oxide in order to create ability to remove unwanted macroscopic air voids within the 
calcium carbonate as an insoluble binding precipitate. moldable mixture. Failure to remove unwanted air voids can 

High shear mixers useful in creating the more homoge- 55 result in the sheet having a defective or nonhomogeneous 
neous mixtures as described herein are disclosed and structural matrix. During subsequent drying steps, particu- 
claimed in U.S. Pat. No. 4,225,247 entitled "Mixing and larty where relatively high heat is used, unwanted air pock- 
Agitating Device"; U.S. Pat. No. 4,552,463 entitled ete can greatly expand and cause air bubble defects. 
"Method and Apparatus for Producing a Colloidal Mixture"; Removal of the air voids may be accomplished using 
U.S. Pat. No. 4,889,428 entitled "Rotary Mill"; U.S. Pat. No. 60 conventional venting means known in the extrusion art as 
4,944,595 entitled "Apparatus for Producing Cement Build- shown in FIG. 2, wherein the mixture is first passed into an 
ing Materials"; and U.S. Pat. No. 5,061319 entitled "Pro- evacuation chamber 28 by a first auger screw 26, and then 
cess for Producing Cement Building Material". For purposes extruded through the extruder die head 34 by means of a 
of disclosure, the foregoing patents are incorporated herein second auger screw 32. 

by specific reference. High shear mixers within the scope of 65 Although the preferred width and thickness of the die will 

these patents are available from E. Khashoggi Industries of depend upon the width and thickness of the particular sheet 

Santa Barbara, Calif., the assignee of the present invention. to be manufactured, the thickness of the extruded sheet will 
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usually be at least twice, and sometimes many times, the fractured or uneven structural matrix, or worse, breakage or 

thickness of the final rolled sheet. The amount of reduction tearing of the sheet. The latter can also result in a complete 

(and, correspondingly, the thickness multiplier) will depend breakdown of me continuous sheet forming process, 

upon the properties of the sheet in question. Because the It will be understood that an important factor which 

reduction process helps control fiber orientation, the amount 5 determines the optimum speed or rate of extrusion is the 

of reduction will often correspond to the degree of desired final thickness of the sheet. A thicker sheet contains more 

orientation. In addition, the greater the thickness reduction, material and will require a higher rate of extrusion to provide 

the greater the elongation of the sheet. In a typical manu the necessary material. Conversely, a thinner sheet contains 

facturing process an extruded sheet with a thickness of about less material and will require a lower rate of extrusion in 

6 mm may be rolled into a sheet with a thickness between 10 order to 1™** necessary material, 

about 0.2 mm and about 0.5 mm. (Because this is a 12 to 30 ^ abilit y of me moldable mixture to be extruded 

fold decrease in thickness, the sheet should correspondingly through a die head, as weE as the rate at which it is extruded, 

elongate 12 to 30 times its original length after extrusion.) 1S g enera lry afunction of therheology of themixture, as well 

It will be appreciated that where the differential between ^Ttn^lTT^^ ° f f^hinery. 

merollernipaTdthesheetthicknessbeforethesheetpasses 15 Fartors such as the amount of water, water-dispersable 

between the reduction rollers is small, the fiber orienting f^^^^^^^^^^^^ 

flowofjnaterialwmtendtobelocalizedatornearthesheet l^ 1 ° f Sorption by the mixture components all 

surface, with the interior not being subjected to fiber ori- * °f 1101,611168 u ° f the m ? ture - 

enting flow. This allows for the production of sheets that . Becaus ? xt ^ ketones not be possible to control all of 

have significant unidirectional or bidirectional orientation of » the variables that can affect the rate of extrusion, it may be 

fibers at or near the surface of the sheet and more random P refeable <u t0 ^ an integrated system of transducers which 

orientation of fibers within the interior of the sheet. mea8ure * e rate of 6 " n > ° \ wm6h c ^. dc f c f ^ 

However, by decreasing the nip relative to the initial sheet **** ^^IT ^ ^ US™*" 

thickness it is possible to increase the orientation of the b ™ can * hen **** m «° a com f ute 5 processor which can 

fiberewithmmemtcriorofmesheetbymcreasingthefiber 25 **» send signals to the extruder m order to adjust the 

orienting flow of material within the sheet interior. pressure and rate of extrusion in order to fine tune the overaU 

... . „ , , . , . system. As set forth below, a properly integrated system will 

Although the die sht is generally rectangularly shaped, it ^ be We of monitoring and adjustin the roUer speed 

may contain areas of increased thickness along its width as weU 

^ ni , ,„^. „ r , . , . _ ' . . " . , to temporarily increase the workability of the moldable 

Z^JTl ^SZ^^^^S? 1111x11116 ™ the case wh6re the ^ a deficiency of 

nave recesses or cap variations which correspond to the , . . „ , , . ^. . , 

areas of increased mTckness within the extrudedsheet (FIG. TX^t !,t SS? thT M t H ' . 

5). In this way a sheet having reinforced areas of increased t^^^^J^^J^^^ ^Tf 

*~a ttur „ „.„ t^T a 35 between the particles contain insufficient water to lubricate 

strength and stiffness can be produced. ^ ^ t0 CTeate adequate workability under 

In an alternative embodiment, it is envisioned that the ordinary conditions. However, as the mixture is compressed 

width of the die slit can be selectively varied as a function ^thin the extruder, the compressive forces drive the par- 

of time as the mixture is extruded through the slit. This tides together, thereby reducing the interstitial space 

permits the extrusion of a sheet having varying thickness ^ between the particles and increasing the apparent amount of 

along the length of the sheet In this scenario, it will water mat is avaikble to lubricate the particles. In this way, 

generally be necessary to provide rollers which also have workability is increased until the mixture has been extruded 

varying gap distances as a function of time. However, through me ^ hcad> at which ^ me reduced 

because of the greater difficulty of perfectly synchronizing causes fog mixture to exhibit an almost immediate increase 

me rollers to accommodate the rate of extrusion of sheets of 45 in stifiness md &een ^engfii, which is generally desirable. 

var^gthkkne S s,this^optionis less preferab^le than creating It shouldbe understood mat ^ e exerted on me 

asheet with varying thickness along the width as described moldable ^re during the extrusion process should not be 

ve ' so great so as to crush or fracture the lightweight, lower 

In addition to narrow die slits to form flat sheets, other strength aggregates (such as perlite, hollow glass spheres, 

dies may be used to form other objects or shapes. The only 50 pumice, or exfoliated rock). Crushing or otherwise destroy- 

criterion being that the extruded shape be capable of being ing the structural integrity of these or similar lightweight 

thereafter formed into a sheet. For example, in some cases aggregates containing a large amount of voids will decrease 

it may not be desirable to extrude an extremely wide sheet their insulating effect by eliminating the voids. Nevertheless, 

Instead, a pipe may be extruded and continuously cut and because perlite, exfoliated rock, or other such materials are 

unfolded using a knife located just outside the die head. 55 relatively inexpensive, some level of crushing or fracturing 

The amount of pressure mat is applied in order to extrude of the aggregate particles is acceptable. However, at some 

the moldable mixture will generally depend on the pressure point excess pressure will eliminate the lightweight and/or 

needed to force the mixture through the die head, as well as insulative effect of the lightweight aggregate, at which point 

me desired rate of extrusion. It should be understood that the it would be more economical to simply include a less 

rate of extrusion must be carefully controlled in order for the 60 expensive aggregate such as sand, 

rate of sheet formation to correspond to the speed at which In light of each of the factors listed above, the amount of 

the sheet is subsequently passed through the rollers during pressure which will be applied by the extruder in order to 

the rolling step. If the rate of extrusion is too high, excess extrude the moldable mixture will preferably be in the range 

inorganically filled material will tend to build up behind the from about 50 kPa to about 70 MPa. more preferably in the 

rollers, which will eventually cause a clogging of the sys- 65 range from about 150 kPa to about 30 MPa, and most 

tem.ConYersely,iftherateofextrusionistoolow,therollers preferably in the range from about 350 kPa to about 3.5 

will tend to stretch the extruded sheet, which can result in a MPa. 
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In some cases, particularly where a lower density, higher As the thickness of the sheet is reduced upon passing 

insulating sheet is desired, it may be advantageous to through a pair of rollers, it will also elongate in the forward 

employ a blowing agent within the moldable mixture, which moving (or "Y") direction. One consequence of sheet elon- 

is added to the mixture prior to the extrusion process. gation is that the fibers will further be oriented or lined up 

It will be understood that the extrusion of the moldable 5 ^ the 'TT direction, to this way, the reduction process in 

mixture through the die head will tend to unidirectionaUy ^bmation wi& the initial extrusion process wiU create a 

orient the individual libers Within the moldable mixture ^^.^^^^T^ ^ f 
i 4.v in^ii • • it 1 • «. j. , the , or lengthwise, direction. However, as previously 

7* f S ' % u ^f* 1 ™? f^T* stated, increasing the speed of the rolling process has been 

extruded sheet As will be seen herein be ow, the rolling found t0 CTeate , ^ randomization of flbers throughout 

process will further orient the fibers m the T direction as "> the sheet 

the sheet is further elongated during the reduction process. way t0 maintain the random orientation of fibers 

In addition, by employing rollers having varying gap dis- witMn the sheet is t0 decrease me differential forming speed 

tances in the "Z" direction (such as conical rollers) some of of ^ roUers ^ is> where moldable mixture is fed 

thefiberscanalsobeorientedinthe"X"direction,i.e.,along between me ext ruding roUers under lower pressures, the 

the width of the sheet Thus, it is possible to create a sheet * sudden increase ^ ^hine-direction velocity and accom- 

by extrusion, coupled with rolling, which will have bidirec- panying shear as me passes between me rollers ^ 

tionaUy oriented fibers. tend tQ Qrient the fibers in the d^on. However, 

In addition to the use of traditional extrusion methods, by increasing the pressure of the mixture it is possible to 
such as those set forth above, it may be preferable in some decrease the level of machine-direction shear, thereby result- 
cases to either extrude individual mixture masses, which are ing in a sheet with a more randomized fiber orientation, 
conveyed to a hopper situated immediately above two Another consequence of sheet elongation is that the sheet 
horizontally oriented extruding rollers, or simply convey the w m " S p ee d up" as it passes between a pair of reduction 
moldable mixture to the hopper. This eliminates the need to ro u ers . Reference is again made to FIG. 6 to illustrate that 
initially extrude the moldable mixture into a sheet before the the rotational speed v t of the rollers will correspond to the 
rolling process. One conveyor method is an auger conveyor, spee d Vl of the reduced, elongated sheet as it exits the 
which allows for variations in feed pressure of the moldable roUerS5 not th e spee d of the sheet, as it enters the gap 
mixture through the roUers. between the rollers. More precisely, the tangential speed of 

Reference should be made to FIG. IB, which illustrates an the outer surfaces of the rollers at the point where the radius 

alternative preferred embodiment in which the moldable 3Q of the rollers is perpendicular to the surface of the sheet will 

mixture is conveyed directly from the mixer 10 to a pair of be substantially equal to the speed of the sheet as it exits the 

extruder reduction rollers 40, which converts the amorphous pair of rollers. The consequence of this is that the roller 

moldable mixture directly into a sheet without the use of an speed will be "faster" relative to the speed of the sheet as it 

extruder die. As in the other system illustrated in FIG. 1A first enters into the rollers. 

and described above, the sheet formed by the rollers 40 is fed 3J By way of example, if the sheet thickness is reduced by 

through a series of drying rollers 50, optional compaction 50%, and assuming there is no widening of the sheet during 

rollers 60, optional second drying rollers 70, optional fin- the reduction process, the sheet will elongate to twice its 

ishing rollers 80, and then wound onto optional spooler 90. original length. This corresponds to a doubling of the sheet' s 

C. The Rolling Process. velocity before it enters the rollers compared to when it exits 

In most embodiments of the present invention, it will be 40 me rollers - Thus, as in FIG. 7, if the sheet thickness is 

preferable to "roll" the extruded sheet by passing it between reduced by 50%, then v 1 =2xv 0 ; the velocity doubles from 

at least one pair of roUers, the purpose of which is to point "a" to point "b". 

improve the uniformity and surface quality of the sheet In The sheet "speeds up" while passing between a pair of 

some embodiments, the rolling step will only reduce the roUers by being squeezed or pressed into a thinner sheet by 

thickness of the sheet by a smaU amount, if at aU. In other 45 the rotating roUers. This process of squeezing or pressing the 

cases, it wiU substantiaUy reduce the thickness of the sheet, sheet, as weU as the speed differential between the entering 

particularly where the moldable mixture is fed directly sheet and the roUers, can create varying shearing forces on 

between the roUers without first extruding the inixture into the sheet. The appUcation of an excessively large shearing 

the form of a sheet. In cases where it is desirable to greatly force can disrupt the integrity of the structural matrix of the 

reduce the thickness of the highly inorganicaUy fuled sheet, 50 sheet and create flaws within the sheet, thereby weakening 

it wiU often be necessary to reduce the thickness of the sheet the sheet. Nevertheless, it has been found that for mix 

in steps, wherein the sheet is passed through several pairs of designs having very low adhesion to the roUers, and which 

roUers each pair having progressively narrower gap dis- are highly plastic, it may be possible to reduce the extruded 

tances therebetween. sheet to the final thickness in just one step using a pair of 

Reference should be made to FIG. 1A which shows one 55 relatively large diameter roUers. 

embodiment of the present invention in which a series of The diameter of each of the roUers should be optimized 

three pairs of roUers are employed during the rolling pro- depending on the properties of the moldable mixture and the 

cess. The roUers within each of the three roUer pairs have amount of thickness reduction of the inorganicaUy fiUed 

sirnttar diameters, although in some cases it may be prefer- sheets. When optimizing the diameter of the roUers two 

able to use smaUer diameter roUers in combination with 60 competing interests should be considered. The first relates to 

larger diameter roUers. As seen in FIG. 6, a set or pair of the fact that smaUer diameter roUers tend to impart a greater 

roUers 40 normatty includes two individual roUers 42 posi- amount of shearing force into the sheet as it passes between 

tioned adjacent to one another with a predetermined gap the roUers. This is because the downward angle of compres- 

distance 44 therebetween. The gap distance 44 between the sion onto the sheet is on average greater than when using a 

two individual roUers 42 corresponds to the desired thick- 65 larger diameter roUer (FIG. 7). 

ness 44 of the reduced sheet 46 after it passes between the Reference to FIG. 7 iUustrates that not only is the down- 
set of roUers. ward angle of compression less severe in a larger diameter 
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roller, the distance (and by analogy, the time) during which flaking, or other deformities or irregularities in the sheet 
the sheet is being accelerated is greater when using larger Accordingly, it is preferable to heat the rollers to a tempera- 
diameter rollers. Because it takes longer for the sheet to pass tare in the range from about 40° C. to about 140° C, more 
from point "a" to point "b" when using broader rollers, the preferably from about 50° C. to about 120° C, and most 
rate of acceleration is decreased, as are the shearing forces 5 preferably from about 60° C. to about 85° C. 

associated with the reduction in sheet thickness. , t , nf , . e t . ... „„ , . , 

Consequently, from this perspective, larger diameter rollers . add *ti°n> derate of drying of the heet can bereduced 

appea/to be advantageous compared to smaller diameter * ^rporatmg aggregates having a low specific surface 

rollers because less shearing forces would be expected to ateSL Aggregates which have a greater specific surface area 

introduce fewer flaws into the inorganically filled structural 1ft can more re i eas f an y water 18 absorbed Wlthm 

jj^j^ 10 the aggregate, or adsorbed onto the surface, compared to 

However, the use of larger diameter rollers has the draw- h ^ * loWer Spedflc SUlfaCe area " 

back of the inorganically filled material coming into contact Generally, the stickiness of the moldable mixture 

with the roller for a greater period of time, thereby resulting lncreases as the amount of water in the mixture is increased, 

in increased drying of the sheet during the rolling process in , , Therefore, the rollers should generally be heated to a higher 

the case where the rollers are heated to prevent adhesion. temperature in cases where the mixture contains more water 

Because more of the sheet comes into contact with a larger ln order t0 ^ stickin 8' which is advantageous because 

diameter roller, heating is even more important when using sheets conta ^g a higher water content must generally have 

larger diameter rollers to prevent adhesion. While some more of the water removed ^ order t0 obtain adequate green 

drying is advantageous, drying the sheet too quickly during 20 stren Sth- 

the rolling process could result in the introduction of frac- Because heated rollers can drive off significant amounts 

tures and other flaws within the structural matrix. A drier of water and improve the form stability, the amount of 

sheet is less able to conform to a new shape without a rupture acceptable sheet thickness reduction will generally decrease 

in the matrix compared to a wetter sheet subjected to the in each successive reduction step as the sheet becomes drier, 

same level of shearing forces. Consequently, from this , 5 This is because a drier, stiffer sheet can tolerate less shear 

perspective the use of smaller diameter rollers is advanta- before flaws introduced into the structural matrix, 

geous for reducing the drying effect of the reduction rollers. In an alternative embodiment, adhesion between the inor- 

Nevertheless, some of the drawbacks of using a larger ganically filled sheets and rollers can be reduced by cooling 

diameter roller can be minimized by using a highly polished the rollers to or below room temperature. Heating the 

roller, lower temperatures, and appropriate mix designs to 30 mixture in the extruder to a relatively high temperature, for 

reduce the stickiness of the moldable mixture. Also, passing example, and then cooling the sheet surface causes the 

the sheet through faster reduces the drying effect of the vaporizing water to condense, which is thought to create a 

rollers and causes greater widening of the sheet thin film of water between the sheet and the roller. The 

In light of mis, the diameter of the rollers should prefer- rollers should be cool enough to prevent the surface of the 

ably be optimized and be sufficiently small to prevent 35 sheet from adhering to the rollers, but not so cold to cause 

overdrying of the material during the rolling process, while me sneet to freeze or become so stiff or inflexible that it will 

also being sufficiently large to reduce the amount of shearing fracture or shatter during the rolling process. Accordingly, it 

force imparted to the sheet, thereby allowing a greater is preferable to cool the rollers to a temperature in the range 

reduction of sheet thickness during each reduction step. from about 0° C. to about 40° C, more preferably from 

The optimization of the roller diameters in order to 40 about 5° C. to about 35° C, and most preferably from about 

achieve the greatest amount of reduction of sheet thickness, 10 ° C - t0 about 150 c - 

while at the same time preventing overdrying of the molded In order to obtain the beneficial nonadhesive effects of 

sheet is preferred in order to reduce the number of reduction cooling the rollers, it will generally be necessary to first heat 

steps in a manufacturing process. Besides reducing the the moldable mixture before or airing the extrusion process 

number of working parts, reducing the number of reduction 45 to a temperature that is significantly higher than the tem- 

steps also eliminates the number of rollers whose speed must perature of the cooled rollers. This allows for the beneficial 

be carefully synchronized in order to prevent sheet buildup condensation of water vapor from the heated mixture onto 

behind the rollers (in the case of rollers rotating too slow) or the cooled rollers, thereby creating a thin layer of lubricating 

sheet tearing (in the case of rollers rotating too fast). water between the rollers and the moldable mixture. 

Because each of the roller pairs reduces the thickness of the 50 Accordingly, it will generally be preferable to heat the 

sheet as it passes therebetween, the sheet will speed up each extruding mixture to a temperature in the range from about 

time it passes through a set of rollers. Therefore, each of the 20° C. to about 80° C. The temperature will correlate with 

roller pairs must independently rotate at the proper speed in the temperature of the rollers. 

order to prevent interruption of the rolling process. Elimi- Another way to reduce the level of adhesion between the 

nating the number of reduction steps greatly simplifies this 55 rollers and the inorganically rilled sheet is to treat the roller 

synchronization problem surfaces in order to make them less amenable to adhesion. 

As set forth above, it is preferable to treat the roller Rollers are typically made from polished stainless steel and 

surfaces in order to prevent sticking or adhesion of the coated with a nonstick material such as polished chrome, 

inorganically filled sheet to the rollers. One method entails nickel, or teflon. 

heating the rollers, which causes some of the water within 60 It has been discovered that the amount of shear and 

the moldable mixture to evaporate, thereby creating a steam downward pressure of the rollers can be reduced, while still 

barrier between the sheet and the rollers. Evaporation of deriving the same amount of sheet reduction, by employing 

some of the water also reduces the amount of water within a shear reduction roller 42' having a slightly conical shape in 

the moldable mixture, thereby increasing the green strength conjunction with a conventional roller 42 (FIG. 8). 

of the sheet The temperature of the rollers, however, must 65 However, the degree of gap differential in the "Z" direction 

not be so high as to dry or harden the surface of the sheet to as a result of the conical shape should be controlled to 

the point which would create residual stresses, fractures, prevent spreading or widening of the sheet in the "X" 
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direction (unless such widening is desired). However, small 
amounts of widening is not usually desired because the 
widened portion is not usually of a constant thickness and 
must typically be trimmed and discarded. By using such 
conical rollers, it is possible to obtain higher elongation and 
sheet reduction without applying more shear to the sheet 

Of course, as seen in FIG. 9, it may be desirable to widen 
or spread the sheet in the "X" direction through the use of 
a more sharply angled conical roller 42" that creates a gap 
differential between the rollers along the "X direction. By 
varying the gap between the rollers, it is possible to cause the 
inorganically filled sheet to spread or widen in the "X" 
direction from the point where the gap is more narrow 
toward the point where the gap is wider. In addition to 
conical rollers, it is possible to orient the individual rollers 
42 in the "Z" direction in order to provide the rollers with a 
smaller gap distance at one end than at the other (FIG. 10). 

Spreading or widening the sheet in the "X" direction also 
has the beneficial effect of reorienting some of the fibers in 
the "X" direction, thereby creating a sheet with bidirection- 
ally oriented fibers (in the "X' and "Y" directions). Orient- 
ing the fibers maximizes the tensile strength imparting 
properties of the fibers in the direction of fiber orientation. 

In addition, orienting the fibers is particularly useful in 
order to reinforce a hinge or score within the sheet Fibers 
which are greater in length than the width of the fold or bend 
can act as a bridge to connect the material on either side of 
the fold or bend even if the matrix is partially or even 
substantially fractured along the fold or bend. This bridging 
effect is enhanced if the fibers are generally aligned perpen- 
dicular to the fold or bend. 

Finally, it should be understood that due to the plastic 
nature and relatively high level of workability of the mold- 
able mixture, the rolling process will usually not result in 
much compression of the sheet In other words, the density 
of the sheet will remain substantially constant throughout 
the rolling process, although some compaction would be 
expected, particularly where the sheet has been significantly 
dried while passing between the reduction rollers. Where 
compaction is desired, the sheet can be passed between a 
pair of compaction rollers 60 following a drying step, as set 
forth more fully below. 

One of ordinary skill in the art will appreciate that the 
extrusion step need not formally employ the use of an 
"extruder" as the term is used in the art The purpose of the 
extrusion step is to provide a continuous, well-regulated 
supply of moldable inorganically filled material to the roll- 
ers. This may be achieved by other mechanisms known to 
those skilled in the art to effect the "extrusion" or flow of 
material through an appropriate opening. The force needed 
to cause a moldable mixture to flow may, for example, be 
supplied by gravity. 

As set forth above, it may be advantageous to simply feed 
the moldable mixture through the rollers as the extrusion 
process. This reduces the cost of the sheet-forming process 
while also allowing for the adjustment of the pressure of the 
mixture being fed between the rollers. Increasing the pres- 
sure increases the randomization of the fibers within the final 
sheet, while decreasing the pressure increases the differen- 
tial speed and shear in the machine direction, resulting in 
greater alignment of the fibers in the machine direction. 

In summary, it has been found that the important param- 
eters within the rolling process include the diameter, speed, 
and temperature of the rollers, as well as the "nip height" (or 
gap therebetween). Increasing the roller speed will generally 
allow, and may require, a corresponding increase in the 
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temperature of the rollers in order to prevent adhesion of the 
sheet to the rollers. Increasing the diameter of the rollers, as 
well as the nip height, each tend to decrease the shear rate 
that is imparted by the rollers to the moldable mixture and 
5 sheet during the rolling process, while increasing the speed 
increases the shear rate. 
D. The Drying Process. 

Although the rolling process often results in partial or 
even substantial drying of the molded inorganically filled 

10 sheet, it wfll be preferable to further dry the sheet in order 
to obtain a sheet with the desired properties of tensile 
strength and toughness. (Of course, the sheet will naturally 
dry out over time, although it may be unfeasible to wait for 
the sheet to naturally air dry.) Accelerated drying may be 

15 accomplished in a number of ways, each of which involves 
heating the sheet in order to drive off the excess water. A 
preferred method of drying the sheet involves the use of 
large diameter, heated drying rollers sometimes known in 
the art as "Yankee" rollers, although a series of smaller 

2Q rollers may also be employed. The main concern is that the 
combined surface areas of the rollers be adequate to effi- 
ciently effectuate drying of the sheet 

In contrast to the reduction rollers, which are generally 
aligned in pairs of rollers, the drying rollers are individually 

25 aligned so that the sheet passes over the surface of each 
roller individually in sequence. In this way, the two sides of 
the highly inorganically filled sheet are alternately dried in 
steps. While the sheet passes between the reduction rollers 
during the rolling step in a generally linear path, the sheet 

30 follows a generally sinusoidal path when wrapping around 
and through the drying rollers during the drying step. 

Referring to FIG. 1A, the side adjacent to the first drying 
roller is heated by the drying roller while the other side is 
exposed to the air. The heated sheet loses water in the form 

35 of vapor, which can escape out the sides of the roller or the 
surface of the sheet opposite the roller. The vapor also 
provides a nonstick barrier between the sheet and roller. The 
drying rollers can be equipped with tiny holes within the 
surface in order to allow some of the water vapor to escape 

40 through the holes during the drying step. 

As the sheet continues on its path it is rolled onto a second 
drying roller where the other side comes into contact with 
the roller surface and is dried (FIG. 1A). This process may 
be continued for as many steps as needed in order to dry the 

45 sheet in the desired amount The amount of drying will 
depend on a number of factors, including the amount of 
water within the sheet, the thickness of the sheet, the time 
that the sheet is in contact with the roller surface, the 
temperature of the rollers, and the desired properties of the 

50 sheet In some cases it may be preferable to dry one side of 
the sheet more than the other. This may be accomplished by 
designing a system which increases the contact of one side 
of the sheet with the drying rollers relative to the contact of 
the other side. 

55 The temperature of the drying rollers will depend on a 
number of factors, including the moisture content of the 
sheet as it passes over a particular roller. In any event, the 
temperature of the drying rollers should be less than about 
300° C. Although the moldable inorganically filled material 

60 should not be heated to above 25 0° C. in order to prevent the 
destruction of the organic constituents (such as the organic 
polymer binder or cellulosic fibers), rollers heated to above 
this temperature may be used so long as there is adequate 
water within the mixture to cool the material as the water 

65 vaporizes. Nevertheless, as the amount of water decreases 
during the drying process, the temperature of the rollers 
should be reduced to prevent overheating of the material. 
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In some cases, it may be preferable to use a drying tunnel 
or chamber in conjunction with the drying rollers. In order 
to obtain the full effect of heat convection drying, it is often 
preferable to circulate the heated air in order to speed up the 
drying process. The temperature within the drying tunnel, as 
well as the residence or dwell time of the sheet within the 
tunnel, will determine the amount and rate of evaporation of 
the water within the inorganically filled material. 

In order to achieve quick drying of the surface, it may be 
preferable to more quickly pass the sheet through a very hot 
drying tunnel. Conversely, in order to achieve a more 
uniform and deep drying of the sheet, it might be desirable 
to pass the sheet more slowly through the drying tunnel. 
However, the drying tunnel should not usually exceed 250° 
C. in order to prevent the destruction of the cellulose fibers 
and the organic polymer binder. In light of the foregoing, the 
drying tunnel will preferably be heated to a temperature in 
the range from about 50° C. to about 250° C, and more 
preferably in the range from about 100° C. to about 200° C. 

In some cases, the drying process set forth above will be 
the final step before the sheet is either used to form a 
container or other object or, alternatively, rolled onto a spool 
or stacked as sheets until needed. In other cases, particularly 
where a sheet with a smoother, more paper-like finish is 
desired, this drying step will be followed by one or more 
additional steps set forth more fully below, including a 
compacting step and/or a finishing step. 

In the case of compaction, it is generally preferable to 
leave the sheets with adequate moisture so that the inor- 
ganically filled matrix remains in a moldable condition to 
prevent fracturing of the matrix during the optional com- 
paction step. Otherwise, if the drying step is not followed by 
a compaction step, it is generally desired to substantially dry 
out the sheet in order to quickly maximize the tensile 
strength and toughness of the sheet. 

E. Optional Finishing processes. 

In many cases, it may be desirable to compact the 
inorganically filled sheet in order to achieve the final 
thickness, tolerance, and surface finish. In addition, the 
compaction process can be used to remove unwanted voids 
within the structural matrix. Referring to FIG. 11, the sheet 
may optionally be passed between a pair of compaction 
rollers 60 after being substantially dried during the drying 
process. The compaction process generally yields a sheet 
with higher density and strength, fewer surface defects, and 
a smaller thickness (FIG. 11), and also fixes and aligns the 
compacted particles within the sheet surface. The amount of 
compressive force of the compaction rollers should be 
adjusted to correspond to the particular properties of the 
sheet 

The compaction process preferably yields a sheet of 
reduced thickness and increased density without causing 
significant elongation of the sheet and without negatively 
disrupting or weakening the structural matrix. In order to 
achieve compaction without elongating the sheet and with- 
out weakening the structural matrix, it is important to control 
the drying process so mat the sheet contains an appropriate 
amount of water to maintain a moldable rheology of the 
sheet If the sheet contains too much water, the compaction 
rollers will elongate the sheet in similar fashion as either the 
extruding or reduction rollers. In fact, the compaction rollers 
are substantially the same as the extruding or reduction 
rollers, the only difference being that compaction, rather 
than elongation, will occur if the sheet is dry enough and the 
reduction in sheet thickness is less than the total porosity left 
by the evaporation of the water (i.e., if the evaporation of 
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water creates an additional porosity of 25% then the roller 
nip should be at least 75% of the thickness of the precom- 
pacted sheet). 

On the other hand, overdrying the sheet prior to the 

5 compaction step can yield a weaker sheet. At some point the 
inorganically filled sheet can become so dry and brittle that 
the inorganically filled matrix is no longer moldable and 
cannot be compressed without fracturing. The stressing of 
the structural matrix can diminish the final strength and 

1Q other beneficial properties of the sheet even if the fractures 
are microscopic and not visible to the naked eye. The 
inorganically filled matrix should preferably be just moist 
enough to allow it to flow or mold out the voids when 
compacted, but dry enough so that compaction, not 

15 elongation, occurs. (Nevertheless, even a completely dry 
sheet may be compacted in some cases without introducing 
significant defects by first remoistening the sheet.) 

It has been found preferable to compact and dry the sheets 
in a sequential fashion in order to progressively compact the 

20 sheet This allows for the removal of just enough of the 
water to allow the sheet to compact, while retaining suffi- 
cient water to maintain the moldability of the inorganically 
filled matrix. Because the compaction process forces the 
particles into closer proximity, thereby increasing the par- 

25 tide packing density and reducing the porosity within the 
sheet, there is more water available for lubricating the 
particles after the compaction step, assuming a constant 
water content, within the sheet This allows for the simul- 
taneous or subsequent removal of water from the sheet 

30 without a significant reduction in moldability. This in turn 
makes possible the sequential compaction and removal of 
water without concomitant damage to the sheet structure. 

Because the compaction process (including one or more 
compaction steps) usually involves a slightly moist sheet, it 

35 is usually preferable to further dry the sheet after the 
compaction step in a manner similar to the drying process 
outlined above using optional drying rollers 70. This 
optional drying step may be carried out using drying rollers, 
a drying tunnel, or a combination of the two. Nevertheless, 

40 in some cases the sheet may be further processed without a 
second drying step, such as where the sheet is immediately 
used to form a container or other object is scored, or where 
it is otherwise advantageous to have a slightly moist sheet 
It may also be preferable to further alter the surface of the 

45 inorganically filled sheet bypassing the sheet between one or 
more pairs of finishing (or "calendering") rollers 80 (FIG. 
12). For example, in order to create a sheet with a very 
smooth surface on one or both sides, the sheet may be passed 
between a pair of hard and soft rollers. The term "hard 

50 roller" refers to a roller 82 having a very polished surface 
and which leaves the side of the sheet in contact with the 
hard roller very smooth. The term "soft roller" refers to a 
roller 84 having a surface capable of creating enough 
friction between the soft roller 84 and the sheet to pull the 

55 sheet through the hard and soft roller pair. This is necessary 
because the hard roEer 82 is usually too slick to pull the dry 
sheet through a pair of hard rollers. Besides, some slippage 
of the hard roller 82 is advantageous in order to align the 
particles within the surface of the sheet. Using a driven, 

60 highly polished hard roller in order to "supercalender" the 
sheet results in a sheet having a very smooth surface finish. 
The finishing process may be optionally facilitated by spray- 
ing water on the sheet surface, and/or by coating the surface 
with clay, calcium carbonate, or other appropriate coating 

65 materials known to one of ordinary skill in the art 

In other embodiments, the finishing rollers can impart a 
desired texture such as a meshed or checkered surface. 
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Instead of using a hard and a soft roller, rollers which can In the present invention, it can be seen that the creping 

imprint the Sheets with the desired finish may be used. If process would be expected to work better as the fiber content 

desired, the rollers can imprint the surface of the sheet with of the sheets is increased. Increased fiber content facilitates 

a logo or other design. Special rollers capable of imparting the sealing of the pores and increased hydrogen bonding of 

a water mark can be used alone or in conjunction with any 5 the fibers. It should be understood, however, that certain acid 

of these other rollers. The extruder rollers, reduction rollers, sensitive aggregates, such as calcium carbonate, should 

or compaction rollers may contain means for producing a probably not be used where the sheet is to be parchmented. 

water mark by either producing a raised or depressed area p. Coating Processes. 

within a sheet passing therethrough. n may bepreferable to apply coatings or coating materials 

Although the finishing or calendering process usually 10 to the highly inorganically filled sheets prepared according 

requires some compaction of a sheet that has been dried to to the processes set forth above. Coatings can be used to alter 

the point where the inorganically filled matrix is no longer the surface characteristics of the sheet in a number of ways, 

moldable, the compaction is not so great that it significantly including sealing and protecting the sheet or other object 

weakens the sheet and is generally localized at the surface of made therefrom. Coatings may provide protection against 

the sheet The tradeoff between the slight reduction in sheet 15 moisture, base, acid, grease, or organic solvents. They may 

strength is the vast improvement in surface quality that is also provide a smoother, glossier, or scuff-resistant surface 

brought about by the finishing process. and help to prevent fiber "fly away." Coatings can be used 

It may be desired to corrugate the sheets in a manner to reinforce the wet inorganically filled sheet during the 

similar to corrugated cardboard This is accomplished by sheet processing stage, or they may strengthen and reinforce 

passing a semi-moist sheet between a pair of corrugated 20 a dry sheet, particularly at a bend or fold line. Some coatings 

rollers 86 (FIG. 13). The moisture content of the sheet can also be utilized as adhesives or to form laminated sheets, 

should be controlled so that the corrugation process does not Related to the concept of coating is the "sizing" of the 

result in a sheet with a damaged structural matrix. This may sheets, which essentially refers to the sealing of the pores of 

typically be carried out using steam in the area around the the sheets. Sizing can be used to improve the smoothness 

sheet to be corrugated. If the sheet is too dry, the corrugation 25 and water resistance of the inorganically filled sheets. They 

process can damage the structural matrix, and in some cases can either increase or decrease the strength, modulus, and 

may even result in the tearing or splitting of the sheet elongation (or extensibility) depending on their composition 

Conversely, if the sheet is too moist, the corrugated sheet and amount used. Some sizings or coatings may soften the 

may lack the green strength necessary to maintain the inorganically filled matrix, thereby resulting in a more 

corrugated shape. 30 flexible sheet Others may make the sheet more stiff. 

As in the manufacture of corrugated cardboard sheets Coatings can be applied to the surface of the sheet during 

suitable for boxes or other uses, it may be preferable to the sheet forming process, in which case the process is an 

sandwich the corrugated inorganically filled sheet between "on-machine" process. However, it may be preferable to 

two flat sheets. This is accomplished using means known in 35 apply the coating after the sheet forming process, in which 

the art of making corrugated cardboard. In addition, one or case the process is an "off-rnachine" process, 

more of the sandwiched sheets may be made of another The object of the coating process is usually to achieve a 

material such as paper or paperboard. The choice of material uniform film with minimum defects on the surface of the 

depends on a variety of factors, including the desired per- sheet The selection of a particular coating process depends 

formance criteria, cost, and intended method of discarding ^ on a number of substrate (i.e., sheet) variables, as well as 

the sheet when its use has been completed. coating formulation variables. The substrate variables 

The inorganically filled sheets may alternatively be include the strength, wettability, porosity, density, 

creped much like conventional paper in order to provide a smoothness, and uniformity of the sheet The coating for- 

highly extensible sheet that is capable of absorbing energy mulation variables include total solids content, solvent base 

at sudden rates of strain. Creped sheets are increasingly 45 (including water solubility and volatility), surface tension, 

important in the production of shipping sacks. Conventional and rheology. 

creping is performed either at the wet press section of a Coatings may be applied to the sheets using any coating 
paper machine (wet crepe) or on a Yankee dryer (dry crepe). method known in the art of manufacturing paper, 
Although the exact parameters of either a wet or dry creping paperboard, plastic, polystyrene, sheet metal, or other pack- 
process will differ between the inorganically filled sheets of 50 aging materials. Coating processes known in the art that may 
the present invention and tree paper, one of ordinary skill in be used to coat the inorganically filled sheets of the present 
the art will recognize how to adjust the creping process in invention include blade, puddle, air-knife, printing, 
order to obtain creped inorganically filled sheets. Dahlgren, gravure, and powder coating. Coatings may also 
It has been found that the inorganically filled sheets can be applied by spraying the sheet or other object made 
be treated with strong acids in order to parchment the fibrous 55 therefrom with any of the coating materials listed below or 
surface portion of the sheet matrix. Treating the sheet with, by dipping the sheet or object into a vat containing an 
for example, concentrated sulfuric acid causes the cellulosic appropriate coating material. Finally, coatings may be coex- 
fibers to swell tremendously and become partially dissolved. truded along with the sheet in order to integrate the coating 
In this state, the plasticized fibers close their pores, fill in process with me extrusion process. Amore detailed descrip- 
surrounding voids and achieve more intimate contact 60 tion of useful coating processes is set forth in the Andersen- 
between them for more extensive hydrogen bonding. Rins- Hodson Technology. 

ing with water causes reprecipitation and network Appropriate organic coating materials include melamine, 

consolidation, resulting in fibers that are stronger wet than polyvinyl chloride, polyvinyl alcohol, polyvinyl acetate, 

dry, lint fee, odor free, taste free, and resistant to grease and polyacrylates, hydroxypropylmethylcellulose, polyethylene 

oils. By combining parchment's natural tensile toughness 65 glycol, acrylics, polyurethane, polyethylene, polylactic acid, 

with extensibility imparted by wet creping, paper with great polyethylene, Biopol® (a polyhydroxybutyrate- 

shock-absorbing capability can be produced. hydroxyvalerate copolymer), waxes (such as beeswax or 
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petroleum based wax), elastomers, polyacrylates, latex, syn- layer of highly inorganically filled material containing a 

thetic polymers, including biodegradable polymers, or mix- higher fiber content at predetermined timed intervals to 

tures thereof. Biopol® is manufactured by imperial Chemi- correspond with the location of the score cut or perforation, 

cal Industries in the United Kingdom. In addition, fibers can be placed on top of, or injected within, 

Appropriate inorganic coating materials include calcium 5 Hie sheet during the extrusion or rolling processes in order 

carbonate, sodium silicate, kaolin, silicon oxide, aluminum * acWeve a u * er fiber concentration at the desired loca- 

oxide. ceramics, and mixtures thereof. These may also be Uo "; . .„',,. 

mixed with one or more of the organic coatings set forth ™ e ^organically filled sheet will preferably be in a 

ajjoye substantially dry or semi-hardened state during the scoring 

_ . , „ „ , . , ,„ or perforation process. This is desirable to prevent the score 

In some cases, it may be preferable for the coating to be or pe rforation from closing up the of 

elastomenc, deformable, or waterproof. Some coatings may moist Mo ^ score cut . since scoring generally 

also be used to strengthen places where the inorganically (and perforation always) involves cutting through a portion 

filled sheets are more severely bent, such as where the sheet 0 f the structural matrix, the sheet can even be totally dry 

has been scored. In such cases, a pliable, possibly without the scoring or perforation process harming the sheet 

elastomeric, coating may be preferred. Besides these 15 However, in cases where a score is pressed rather than cut 

coatings, any appropriate coating material would work into the sheet surface, the sheet should be moist enough to 

depending on the application involved. prevent fracture due to the dislocation of the structural 

If the sheets are used to manufacture containers or other matrix, 

products intended to come into contact with foodstuffs, the The depth of the score cut will generally depend on the 

coating material will preferably comprise an FDA-approved 20 type of score, the thickness of the inorganically filled sheet, 

coating. An example of a particularly useful coating is and the degree of bending along the score line. The scoring 

sodium silicate, which is acid resistant. Resistance to acidity mechanism should be adjusted to provide for a score of the 

is important, for example, where the container is exposed to desired depth. Of course, the die tap should not be so large 

foods or drinks having a high acid content, such as soft as to actually cut through the sheet or render it too thin to 

drinks or juices. Where it is desirable to protect the container 25 withstand the anticipated forces (unless an easily tearable 

from basic substances, the containers can be coated with an score is desired). Preferably, the score cut should be just 

appropriate polymer or wax, such as those used to coat paper deep enough to adequately serve its purpose. A combination 

containers. of score cuts on alternated sides of the sheet may be 

G. Scoring and Perforation Processes. 3Q preferred in some cases to increase the range of bending 

In some cases it may be desirable to alternatively score, motion, 

score cut, or perforate me sheet in order to define a line upon In most cases where a thinner sheet (<1 mm) is being 

which the sheet may fold or bend. A score cut can be made score cut, the cut will have a depth relative to the thickness 

by using a knife blade cutter 170 (FIG. 14) mounted on a of the sheet that is in the range from about 10% to about 

score press, or it can be accomplished using a continuous die 3J 50%, more preferably in the range from about 20% to about 

cut roller 172 as shown in FIG. 15. A score may be pressed 35%. In the case of thicker sheets, the score cut will usually 

into the sheet by means of a scoring die 174 as shown in be deeper due to the decrease in bendability of the thicker 

FIG. 16. Finally, a perforation may be made by means of a sheet 

perforation cutter 178 depicted in FIG. 17. B should be understood that the inorganically filled sheets 

Where the inorganically filled sheet has a relatively low ^ of the present invention will bend away from a score cut or 
fiber content (less than 15% by volume of the total solids), perforation, while bending toward a score that is pressed into 
it is preferable to score cut rather than score press the sheet the surface of the sheet That is, the sides of the sheet defined 
Conversely, where the sheet has a relatively high fiber by a score cut or perforation will close together in the side 
content (greater than 15% by volume of the total solids), it opposite the score cut or perforation. Conversely, like con- 
is preferable to score press rather than score the sheet 45 ventional paper or paperboard products, the sides of the 
Finally, perforations generally work well in sheets of any inorganically filled sheet defined by a score pressed into the 
fiber content. sheet surface will close together on the side of the score. 

The purpose of the score, score cut, or perforation is to H. Other Processes, 

create a location on the inorganically filled sheet where the It may be desirable to apply print or other indicia on the 

sheet can be bent or folded This creates a "hinge" within the 50 surface of the inorganically filled sheet such as trademarks, 

sheet with far greater bendability and resilience than pos- product information, container specifications, or logos. This 

sible with an unscored or unperforated sheet In some cases can be accomplished using printing means known in the art 

multiple score cuts or perforations may be desirable. of printing conventional paper or paperboard products. In 

Cutting a score line or perforation within the sheet creates addition, the sheets may be embossed or provided with a 

a better fold fine or hinge for a number of reasons. First, it 55 watermark. Because the inorganically filled sheets have a 

provides a place where the sheet might more naturally bend relatively high porosity like conventional paper or paper- 

or fold. Second cutting a score makes the sheet at the score board, the applied ink will tend to dry rapidly. In addition, 

line thinner than the rest of the sheet, which reduces the decals, labels or other indicia can be attached or adhered to 

amount of lengthwise elongation of the surface while bend- the inorganically filled sheet using methods known in the art 

ing the sheet. The reduction of surface elongation reduces 60 Methods for printing the inorganically filled sheets 

the tendency of the structural matrix to fracture upon being include, but are not limited to, any conventional method of 

folded or bent (FIG. 18). Third, the score cut or perforation printing, including planographic, relief, intaglio, porous, and 

aUowsforacontroUedaackfonmtionwithmmematrkin impactless printing. Printed indicia may be applied to a 

the event that fracture of the structural matrix occurs. continuous sheet or individual cut sheets depending on the 

It may sometimes be preferable to concentrate more fibers 65 printing process involved and the properties of the sheet 

at the place in which the score cut or perforation will be Individual sheets may even be fed through photocopy 

made. This can be accomplished by co-extruding a second machines much like ordinary paper. 
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Planographic printing, or offset lithography, relies on the 
insolubility of ink and water to print in a desired area. Plates 
for lithography accept ink and repel water in the image areas 
and attracts water and repels ink in the non-image areas. 
Sheet-fed offset lithography is very useful as it can accom- 
modate wide variations in the dimensions of the sheet 
Additionally, the printing plates can easily be remade to 
accommodate different graphic designs. Web-fed or continu- 
ous feed offset lithography is similarly useful, particularly 
when different graphic designs are utilized with identical 
container designs. 

Relief printing or letterpress printing involves raising the 
areas to be printed above the areas which will not be printed. 
Ink rollers touch only the top surface of the raised areas. Ink 
is transferred to an image carrier and applied to the sheet as 
the sheet passes between the image carrier and an impres- 
sion cylinder. Individually cut sheets are printed on sheet- 
fed presses and continuous sheets are printed on web-fed 
presses. The presses which can be utilized in this process 
include platen, flatbed (cylinder), and rotary presses. 
Another useful form of relief printing is flexography which 
involves the use of flexible plates (including rubber stamps) 
and fast drying inks. 

Intaglio printing, often called gravure or rotogravure 
printing, is another useful printing method. Intaglio printing 
involves printing directly from a rotating engraved cylinder. 
The engraved cylinder rotates in a source of ink and as the 
cylinder rotates a doctor blade removes excess ink from 
areas which are not intended to transmit an image. Ink is 
transferred from the engraved cylinder as a sheet passes 
between the engraved cylinder and an impression cylinder. 
The cylinder is more expensive than the plates utilized with 
sheet-fed offset lithography; however, the engraved cylinder 
is more durable and can be used to print more sheets than the 
plates used in planographic printing. 

Porous printing, often called screen printing (or silk 
screening), is useful for printing on irregular surfaces or 
surfaces that are not flat. Porous printing involves forcing a 
screen-mesh-supported stencil of silk, synthetic fabric, or 
stainless steel onto the sheet. 

Impactless printing prints indicia without contacting the 
sheet or container through jet spraying electrically charged 
drops of ink This process is inexpensive and can be utilized 
at high speeds. Of course, ordinary pens and pencils may be 
employed to write messages or other information on the 
sheets or objects made therefrom. 

I Objects Made from Inorganically Filled Sheets. 

Using the methods set forth above, it is possible to 
manufacture a wide variety of sheets having greatly varying 
properties. The sheets may also be as thin as about 0.1 mm 
or less in the case where very thin, flexible, and lightweight 
sheets are required. The sheets may also as thick as about 1 
cm in the case where relatively thick, strong, and stiff sheets 
are required. In addition, sheets may range in density from 
as low as about 0.6 g/cm 3 to as high as about 2 g/cm 3 . 
Generally, higher density sheets are stronger while lower 
density sheets are more insulative. The exact thickness or 
density of a particular sheet can be designed beforehand in 
order to yield a sheet having the desired properties at a cost 
which allows the sheets to be produced in an economically 
feasible manner. 

The sheets of the present invention may be used in any 
application where conventional paper or paperboard have 
been used. In addition, due to the unique properties of the 
inorganically filled materials, it is possible to make a variety 
of objects that presently require the use of plastics, 
polystyrene, or even metal. 
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In particular, the sheets of the present invention may be 
used to manufacture the following: containers (including 
disposable and nondisposable food or beverage containers), 
cereal boxes, corrugated boxes, printed materials (including 

5 magazines or brochures), packaging materials (such as 
wrapping paper or spacing material), tape, toys, pencils, 
straws, cartons, boxes, sandwich containers, "clam shell" 
containers (including, but not limited to, hinged containers 
used with fast-food sandwiches such as hamburgers), frozen 

10 food boxes, milk cartons, fruit juice containers, beverage 
carriers (including, but not limited to, wraparound basket- 
style carriers, and "six pack" ring-style carriers), ice cream 
cartons, cups, (including but not limited to, disposable 
drinking cups, two piece cups, one piece pleated cups, and 

is cone cups), french fry containers used by fast-food outlets, 
fast food carryout boxes, packaging, flexible packaging such 
as bags for snack foods, bags (including, but not limited to, 
bags with an open end such as grocery bags, bags within 
cartons such as a dry cereal box, and multiwall bags) sacks, 

20 wraparound casing, support cards for products which are 
displayed with a cover, particularly plastic covers (including 
food products such as lunch meats, office products, 
cosmetics, hardware items, and toys), support trays (for 
supporting products such as cookies and candy bars), cans, 

25 yoghurt containers, convoluted or spiral wound containers 
(for products such as frozen juice concentrate, oatmeal, 
potato chips, ice cream, salt, detergent, and motor oil), 
mailing tubes, sheet rolls for rolling materials (such as 
wrapping paper, cloth materials, paper towels and toilet 

30 paper), sleeves, cigar boxes, confectionery boxes, boxes for 
cosmetics, plates, vending plates, pie plates, trays, baking 
trays, bowls, breakfast plates, microwaveable dinner trays, 
"TV" dinner trays, egg cartons, meat packaging platters, 
wraps (including but not limited to, freezer wraps, tire 

35 wraps, butcher wraps, meat wraps, and sausage wraps), food 
containers, emergency emesis receptacles (i.e., "barf bags"), 
substantially spherical objects, bottles, jars, cases, crates, 
dishes, lids, straws, envelopes, gummed tape, cutlery, 
postcards, three-ring binders, book covers, folders, toys, 

40 medicine vials, ampules, animal cages, non-flammable fire- 
work shells, model rocket engine shells, model rockets, and 
an endless variety of other objects. 
HI. Examples of the Preferred Embodiments. 
The following examples are presented in order to more 

45 specifically teach the method of forming sheets and con- 
tainers according to the present invention. The examples 
include various mix designs, as well as methods for manu- 
facturing sheets, containers, and other articles of manufac- 
ture having varying properties and dimensions. 

50 

Examples 1-6 

Highly inorganically filled sheets were prepared from 
moldable mixtures that included the following components: 
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Example 


CaC0 3 


Fiber 


lyiose® 


Water 


1 


6 kg 


0.25 kg 


0.1kg 


1.8 kg 


2 


5 kg 


0.25 kg 


0.1kg 


1.7 kg 


3 


4 kg 


0.25 kg 


0.1kg 


1.6 kg 


4 


3kg 


0.25 kg 


0.1kg 


1.5 kg 


5 


2 kg 


0.25 kg 


0.1kg 


1.4 kg 


6 


1kg 


0.25 kg 


0.1kg 


1.3 kg 



The fiber that was used in each of these examples was 
65 southern pine. The water, Tylose® EL 15002, and fibers 
were first mixed for 10 minutes under high shear in a Hobart 
kneader-mixer. Thereafter, the calcium carbonate was added 
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to the mixture, which is mixed for an additional 4 minutes 
under low shear. 

The particle packing density of the calcium carbonate in 
each of these mixtures was about 0.63, and the resulting 
mixtures had the following percentages by volume of the 5 
total solids of inorganic aggregate, respectively: 89.7%, 
87.9%, 85.3%, 81.3%, 74.4%, and 59.2%. These correspond 
to the following percentages by weight of the total solids: 
94.5%, 93.5%, 92.0%, 89.6%, 85.1%, and 74.1%. The 
sheets of Examples 1-6 contained the following amounts of 10 
fiber as a percentage by volume of the total solids, respec- 
tively: 7.2%, 8.5%, 10.3%, 13.1%, 18.0%, and28.7%. These 
amounts would be considerably less if measured in weight 
percentage. 

The moldable mixtures were extruded using a deairing 15 
auger extruder through a 30 cmx0.6 cm die to form con- 
tinuous sheets having corresponding dimensions of width 
and thickness. The extruded sheet was then passed between 
a pair of reduction rollers having a gap distance therebe- 
tween corresponding to the thickness of the sheet formed. 20 
Because calcium carbonate has a low specific surface area 
these mixtures have a low adhesiveness to the rollers. The 
sheets formed in these examples had thicknesses of 0.23 
mm. 0.3 mm, 0.38 mm, and 0.5 mm. 

As less calcium carbonate was used, the tensile strength, 25 
flexibility, and folding endurance of the sheet increased. 
However, adding more calcium carbonate yielded a sheet 
with a smoother surface and easier placeability through the 
rollers, which reduces the amount of internal defects. 
Increasing the amount of CaC0 3 had the effect of decreasing 30 
the porosity of the sheet, which ranged from 37.4% to 70.3% 
by volume of the final dried sheets. 

Examples 7-12 
Highly inorganically filled sheets were prepared from 35 
moldable mixtures that include the following components: 



Example 


CaC0 3 


Fiber 


Tylose® 


Water 


Glass Spheres 


7 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


0.5 kg 


8 


1.0 kg 


0.3 kg 


0.1kg 


2.1kg 


0.5 kg 


9 


1.0 kg 


0.4 kg 


0.1kg 


2.1kg 


0.5 kg 


10 


1.0 kg 


0.5 kg 


0.1kg 


2.1kg 


0.5 kg 


11 


1.0 kg 


0.6 kg 


0.1kg 


2.1kg 


0.5 kg 


12 


1.0 kg 


0.7 kg 


0.1kg 


2.1kg 


0.5 kg 



The fiber that was used in each of these examples was 
southern pine. The water, Tylose® EL 15002, and fibers 
were first mixed for 10 minutes in a Hobart kneader-mixer. 
Thereafter, the calcium carbonate and hollow glass spheres 50 
were added to the mixture, which was mixed for an addi- 
tional 6 minutes under low shear. The particle packing 
density of the combined calcium carbonate and hollow glass 
spheres in each of these mixtures was 0.73, and the resulting 
mixtures had the following percentages by volume of the 55 
total solids of inorganic aggregate, respectively: 88.5%, 
85.3%, 82.3%, 79.6%, 77.0%, and 74.5%. 

The moldable mixtures were extruded using a deairing 
auger extruder through a 30 cmx0.6 cm die to form con- 
tinuous sheets having corresponding dimensions of width 60 
and thickness. The extruded sheet was then passed between 
a pair of reduction rollers having a gap distance therebe- 
tween corresponding to the thickness of the sheet formed. 
Because calcium carbonate and glass spheres each have a 
low specific surface area, these mixtures have a low adhe- 65 
siveness to the rollers. The sheets formed in these examples 
had thicknesses of 0.23 mm, 0.3 mm, 0.38 mm, and 0.5 mm. 



When calcium carbonate particles having an average 
diameter of 35 microns were used (maximum 100 microns), 
the resulting sheet had a matte surface. However, when 
much smaller particles are used (98% of them being smaller 
than 2 microns), the resulting sheet had a glossy surface. 

Increasing the fiber of the sheet increased the tensile 
strength, flexibility, and folding endurance of the final 
hardened sheets. 

Example 13 

Examples 7-12 were repeated in every respect except that 
1.0 kg mica was substituted for the calcium carbonate. In all 
other respects the mixtures were prepared in substantially 
the same manner. Mica is a clay-like, plate-shaped natural 
mineral having an average particle size of less than about 10 
microns. The particle packing density of the combined mica 
and hollow glass spheres in each of these mixtures was about 
0.7, and the resulting mixtures had the following percent- 
ages by volume of the total solids of inorganic aggregate, 
respectively: 88.5%, 85.3%, 82.3%, 79.6%, 77.0%, and 
74.5%. The plate-like shape of the mica yields sheets having 
glossier surface finishes. 

Example 14 

The mix design and methods set forth in Example 13 were 
repeated in every way except that 0.25 kg of southern pine 
was added to the moldable mixture used to form the inor- 
ganically filled sheets. The final hardened sheets had a 
tensile strength of 14.56 MPa, a modulus of 2523 MPa, an 
elongation of 1.42% before failure in the strongest 
(machine) direction, and a tensile strength of 6.66% MPa 
and an elongation before failure of 0.93% in the weak 
(cross-machine) direction. 

Example 15 

Examples 7-12 were repeated in every respect except that 
1.0 kg kaolin was substituted for the calcium carbonate. In 
all other respects the mixtures are prepared in substantially 
the same manner. Kaolin is essentially a naturally occurring 
clay in which 98% of the particles are smaller than about 2 
microns. The particle packing density of the combined 
kaolin and hollow glass spheres in each of these mixtures 
was 0.69, and the resulting mixtures had the following 
percentages by volume of the total solids of inorganic 
aggregate, respectively: 88.5%, 85.3%, 82.3%, 79.6%, 
77.0%, and 74.5%. The kaolin yielded sheets having a 
glossy surface finish. 

Examples 16-21 

Highly inorganically filled sheets were prepared from 
moldable mixtures that include the following components: 





Fused 


Cellulose 


Tylose® 




Glass 


Example 


Silica 


Fiber 


FL 15002 


Water 


Spheres 


16 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


0.5 kg 


17 


1.0 kg 


0.3 kg 


0.1kg 


2.1kg 


0.5 kg 


18 


1.0 kg 


0.4 kg 


0.1kg 


2.1kg 


0.5 kg 


19 


1.0 kg 


0.5 kg 


0.1kg 


2.1kg 


0.5 kg 


20 


1.0 kg 


0.6 kg 


0.1kg 


2.1kg 


0.5 kg 


21 


1.0 kg 


0.7 kg 


0.1kg 


2.1 kg 


0.5 kg 



The fiber that was used in each of these examples was 
southern pine. The water, Tylose® EL 15002, and fibers 
were first mixed for 10 minutes in a Hobart kneader-mixer. 
Thereafter, the fused silica and hollow glass spheres were 
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added to the mixture, which was mixed for an additional 6 
minutes under low shear. The particle packing density of the 
combined fused silica and hollow glass spheres in each of 
these mixtures was about 0.73, and the resulting mixtures 
had the following percentages by volume of the total solids 
of inorganic aggregate, respectively: 88.5%, 85.3%, 82.3%, 
79.6%, 77.0%, and 74.5%. 

The moldable mixtures were extruded using a deairing 
auger extruder through a 30 cmx0.6 cm die to form con- 
tinuous sheets having corresponding dimensions of width 
and thickness. The extruded sheet was then passed between 
a pair of reduction rollers having a gap distance therebe- 
tween corresponding to the thickness of the sheet formed. 
Fused silica is quartzitic and has an average particle size less 
than about 10 microns. Because fused silica and glass 
spheres each have a low specific surface area, these mixtures 
have a low adhesiveness to the rollers. The sheets formed in 
these examples had thicknesses of 0.23 mm, 0.3 mm, 0.38 
mm, and 0.5 mm. 

Increasing the fiber of the sheet increased the tensile 
strength, flexibility, and folding endurance of the final 
hardened sheets. 

While the examples which follow are hypothetical in 
nature, they are based on similar mix designs and processes 
that have actually been carried out. They are presented in 
this manner in order to more fully teach the invention. 

Examples 22-27 
Highly inorganically filled sheets are prepared from mold- 
able mixture that include the following components: 





Finely Ground 


Cellulose 


Tylose® 




Glass 


Example 


Granite 


Fiber 


FL 15002 


Water 


Spheres 


22 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


0.5 kg 


23 


1.0 kg 


0.3 kg 


0.1 kg 


2.1kg 


0.5 kg 


24 


1.0 kg 


0.4 kg 


0.1kg 


2.1kg 


0.5 kg 


25 


1.0 kg 


0.5 kg 


0.1 kg 


2.1 kg 


0.5 kg 


26 


1.0 kg 


0.6 kg 


0.1 kg 


2.1kg 


0.5 kg 


27 


1.0 kg 


0.7 kg 


0.1 kg 


2.1kg 


0.5 kg 



ground granite. In all other respects the mixtures are pre- 
pared in substantially the same manner. The particle packing 
density of the combined finely ground granite and hollow 
glass spheres in each of these mixtures is about 0.74, and the 

5 resulting mixtures have the following percentages by vol- 
ume of the total solids of inorganic aggregate, respectively: 
88.5%, 85.3%, 82.3%, 79.6%, 77.0%, and 74.5%. 

Decreasing the amount of aggregate increases the effec- 
tive amounts of organic binder and fibers. Including more 

10 aggregate yields sheets which have greater stiffness, are 
more brittle, and have greater compressive strength. Increas- 
ing the amount of fiber and organic binder yields sheets 
which have greater flexibility, toughness, and tensile 
strength. 

15 

Example 29 

The compositions of Examples 22-27 are repeated except 
that 1.0 kg finely ground basalt is substituted for the finely 
ground granite. In all other respects the mixtures are pre- 
pared in substantially the same manner. The particle packing 
density of the combined finely ground granite and hollow 
glass spheres in each of these mixtures is about 0.74, and the 
resulting mixtures have the following percentages by vol- 
ume of the total solids of inorganic aggregate, respectively: 

25 88.5%, 85.3%, 82.3%, 79.6%, 77.0%, and 74.5%. 

Decreasing the amount of aggregate increases the effec- 
tive amounts of organic binder and fibers. Including more 
aggregate yields sheets which have greater stiffness, are 

3q more brittle, and have greater compressive strength. Increas- 
ing the amount of fiber and organic binder yields sheets 
which have greater flexibility, toughness, and tensile 
strength. 

Examples 30-34 

Highly inorganically filled sheets were prepared from 
moldable mixtures that include the following components: 



The fiber that is used in each of these examples is southern 
pine. The water, Tylose® FL 15002, and fibers are first 
mixed for 10 minutes in a Hobart kneader-mixer. Thereafter, 
the finely ground quartz and hollow glass spheres are added 
to the mixture, which is mixed for an additional 6 minutes 
under low shear. The particle packing density of the com- 
bined fused silica and hollow glass spheres in each of these 
mixtures is about 0.73, and the resulting mixtures have the 
following percentages by volume of the total solids of 
inorganic aggregate, respectively: 88.5%, 85.3%, 82.3%, 
79.6%, 77.0%, and 74.5%. 

The moldable mixtures are extruded using a deairing 
auger extruder through a 30 cmx0.6 cm die to form con- 
tinuous sheets having corresponding dimensions of width 
and thickness. The extruded sheet is then passed between a 
pair of reduction rollers having a gap distance therebetween 
corresponding to the thickness of the sheet formed. The low 
specific surface area of the glass spheres causes these 
mixtures to have lower adhesiveness to the rollers. The 
sheets formed in these examples have thicknesses of 0.23 
mm, 0.3 mm, 0.38 mm, and 0.5 mm. 

Increasing the fiber of the sheet increases the tensile 
strength, flexibility, and folding endurance of the final 
hardened sheets. 

Example 28 

The compositions of Examples 22-27 are repeated except 
that 1.0 kg finely ground quartz is substituted for the finely 



Example CaC0 3 Fiber Tyloses Water Glass Spheres 



30 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


0.0 kg 


31 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


0.5 kg 


32 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


1.0 kg 


33 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


1.5 kg 


34 


1.0 kg 


0.2 kg 


0.1kg 


2.1kg 


2.0 kg 



The fiber that was used in each of these examples is 
southern pine. The water, Tylose® FL 5002, and fibers were 
first mixed for 10 minutes in a Hobart lmeader-mixer. 
Thereafter, the calcium carbonate and hollow glass spheres 
were added to the mixture, which was mixed for an addi- 
tional 6 minutes under low shear. The particle packing 
density of the combined calcium carbonate and hollow glass 
spheres in each of these mixtures was about 0.73, and the 
resulting nuxtures had the following percentages by volume 
of the total solids of inorganic aggregate, respectively: 
62.8%, 88.5%, 93.2%, 95.2%, and 96.6%. The densities 
(expressed as g/cm 3 ) of the resulting sheets were 2.0, 0.87, 
0.66, 0.57, and 0.52, respectively. 

The moldable mixtures were extruded using a deairing 
auger extruder through a 30 cmx0.6 cm die to form con- 
tinuous sheets having corresponding dimensions of width 
and thickness. The extruded sheets were then passed 
between a pair of reduction rollers having a gap distance 
therebetween corresponding to the thickness of the sheets 
formed. Because calcium carbonate and glass spheres each 
have a low specific surface area these mixtures had a low 
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adhesiveness to the rollers. The sheets formed in these 
examples had thicknesses of 0.23 mm, 0.3 mm, 0.38 mm, 
and 0.5 mm. 

Example 35 

Relatively thin inorganically filled sheets were formed by 
molding an inorganically filled mixture which included the 
following: 



Example Plastic Spheres 


37 


1.12 kg 


38 


0.9213 kg 


39 


0.7225 kg 


40 


0.5238 kg 


41 


0.3251 kg 



The "plastic spheres" are made from polypropylene and 
have average particle sizes less than 100 microns and an 



Tylose C FL 15002 0.2 kg average density of 0.02 g/cm 3 . The inorganically filled 

Hollow Glass Spheres (<ioo moons) 2.0 kg mixtures are made by first mixing together the water, 

Abaca Fiber 5% by volume of ratal solids i5 Tylose®, and fibers under high shear conditions for 5 

minutes and then mixing the plastic spheres into the mixture 

_ . .„«.„.. , , under low shear conditions. The resulting inorganically 

The inorganically fifed mixture was made by prewettmg ffled mixture is extruded thr h a ^ and mcn d 

the abaca fiber (wbach is pretreated by the manufacturer so betwegD ^ of ^ tQ fom shefits ^ m 5 ^ ^ 

mat greater *an 85% of the ceUulose is a-hydroxyceUulose) ^ ^ inaganica]1 Med sheets ^ flexible ^ rela . 

and then adding the excess water and the fibers to a mixture tivd str in comparison t0 similar ^ from 

of Tylose®. This mixture was mixed at relatively high speed polystyrene 
for about 10 minutes, and then at a relatively slow speed for 

10 minutes after the hollow glass spheres were added. Th ese packaging materials can be physically compressed 

_ . , , without crumbling, even when subjected to forces that are 

This rmxture was passed between a pan- of rollers and ^ forces normaUy e^nced by polystyrene 

formed into sheets having a thickness of about 1 mm. Wet mataiais _ ^ flexible morgim ica]ly filled materials are 

sheets were scored and then folded in an attempt to create a exmided into ^ shape of rectangular shaped 

box. A fair amount of splitting resulted and a box with bars which more dramatically demonstrate the degree of 

sufficient strength and integrity generally could not be flexibility made possible by this mixture, 
formed. 

Thereafter, sheets were first allowed to harden and then Examples 42-45 
scored, folded into the shape of a box, and glued together by 

cementing or gluing methods well-known in the paper art. Hexible inorganically filled sheets are made according to 
The amount of splitting at the fold was negligible, demon- * ^ am P les V^'^T that &e am0Unt ° f , abaca fib f s in 

strafing that it is preferable to score and then fold the thin m * d mixture are increased to the follow- 

shcete after they have been allowed to harden or solidify mg am ° UDtS ' aS meaSUred * VOlUme 
somewhat The thin sheets were formed into a box that had 
the shape, look and weight of a dry cereal box manufactured 
presently from paperboard stock 



Example 


Abaca Fiber 


42 


4% 


43 


6% 


44 


8% 


45 


10% 



Example 36 

The dried sheets formed in Example 35 were cut into the 45 
appropriate shape, convoluted to form a cup, and glued 

using adhesive means known in the art Examples 35 and 36 1116 resultin 8 inorganically filled sheets made therefrom 
demonstratedthatitispossibletomakeboxes, cups, or other substantially the same densities and flexibilities as 

containersof sirrdlar shape presenuy made from paperboard, * ose " Exam P les I ^ 

paper or plastic 50 stren g 1hs as me amount of abaca fiber is increased. 

The following examples demonstrate that highly flexible * * e foUowing examples, very thin sheets are formed 
inorganically filled sheets having high toughness and l?- 1 " 0 : 5 ?™> T*"* ^ ^ cbaracten ^ P 10 ^ 
strength can be manufactured. They are useful in contain- faes ^ mem smtable for use , m " ch ^ 
ment applications where cushioning and flexibility are of %P?" ad ' ^ PO^styrene, or metal sheets of similar 
rjarticular interest. 55 "k^ 1 " 588 3,1(1 weight The desired properties are designed 

' into the sheets using a micro-structural engineering 

While the examples which follow are hypothetical in approach. This allows for the manufacture of sheets having 
nature, they are based on similar mix designs and processes a variety of desirable properties, including properties not 
mat have actually been carried out. They are presented in generally possible using mass-produced sheet-like objects 
this manner in order to more fully teach the invention. 60 presently manufactured from the foregoing materials. 



Examples 37-41 

Flexible, cushioning sheets are formed from inorganically 
filled mixtures containing 2.0 kg water, 0.1 kg Tylose® FL 
5002, and 2% abaca fibers by volume of me mixture, along 
with me following quantities of plastic spheres: 



Examples 46-63 

Sheets capable of being formed into a variety of objects 
65 (including food or beverage containers) were manufactured 
from a hydraulically settable mixture which contained the 
following components: 
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Portland Cement 


1.0 kg 


Perlite 


0.5 kg 


Mica 


0.5 kg 


Fiber (Southern pine) 


0.25 kg 


Tylose ® FL 15002 


0.2 kg 


Water 


2.5 kg 



The portland cement, mica, fiber, Tylose®, and water 
were mixed together in a high shear mixer for 5 minutes, 10 
after which the perlite was added and the resulting mixture 
was mixed for an additional 5 minutes in a low shear mixer. 
The hydraulically settable mixture was then placed into an 
auger extruder and extruded through a die having an opening 
in the shape of a slit. The mixture was extruded into 15 
continuous sheets having a width of 300 mm and a thickness 
of 6 mm. 

The sheets were thereafter passed between one or more 
pairs of reduction rollers in order to obtain sheets having 
final thicknesses of 0.2 mm, 0.25 mm, 0.3 mm, 0.35 mm, 0.4 
mm, 0.45 mm, and 0.5 mm, respectively. The rollers had a 
diameter of 17 cm. The rollers were made of stainless steel 
and coated with polished nickel (0.1 RMS) to aid in pre- 
venting the hydraulically settable mixture from sticking to 
the rollers. In addition, the rollers were heated to a tempera- 25 
tare of 10° C. to further prevent sticking between the 
mixture and the rollers. 

In order to obtain sheets having the desired thickness, the 
extruded sheets were reduced in steps by using reduction 30 
roller pairs having progressively smaller gap distances 
between the rollers. The sheet thicknesses were reduced as 
follows: 

6 mm->2 mm->0.5 mm->final thickness 

35 

A combination of the extrusion process and the rolling 
process yielded sheets with significantly unidirectionally 
oriented fibers along the length (or machine direction) of the 
sheet Because of this, the sheets had higher tensile strength 
in the machine direction compared to the cross-machine 40 
direction. This factor can be utilized in order to maximize 
the performance of the container in the direction in which 
tensile strength is more important 

The hardened inorganically filled sheets were finished, 
coated, and then formed into a number of different food and 45 
beverage containers. For example, a "cold cup" (such as 
those in which cold soft drinks are dispensed at fast food 
restaurants) was made by cutting an appropriate blank from 
a sheet, rolling the blank into the shape of a cup, adhering 
the ends of the rolled blank using conventional water-based 50 
glue, placing a disc at the bottom of the cup, and then 
crimping the bottom of the rolled wall portion in order to 
hold the bottom in place, and curling the rim of the cup to 
strengthen the rim and create a smoother drinking surface. 
Sheets having thicknesses of 0.3 mm and 0.4 mm were used 55 
to make the cups. 

The amount of deflection when applying a constant force 
1 inch below the rim was comparable to that in conventional 
paper cups. The uncoated inorganically filled cups did not 
leak when an aqueous solution containing methylene blue 60 
and 0.1% surfactant was placed inside the cup for 5 minutes. 
Of course, any leakage that were to occur could be prevented 
by an appropriate coating. 

A "clam shell" container (such as those presently used in 
the fast food industry to package hamburgers) was made by 65 
cutting an appropriate blank from a sheet, score cutting the 
blank to form the desired fold lines, folding the blank into 



the shape of a clam shell container, and adhering the ends of 
the folded blank (using both adhesive and interlocking flap 
means) to preserve the integrity of the container. Sheets 
having thicknesses of 0.4 mm and 0.5 mm were used to 
make the clam shell containers. 

The sheet is bent or closed together on the side of the sheet 
opposite the score cut It should be noted that normal scores 
in conventional materials generally allow the sheet to more 
easily bend or close together on the side of the score. The 
resulting clam shell containers exhibited comparable or 
superior insulating ability compared to paper clam shells. 

A french fry container (such as those used to serve cooked 
french fries in the fast food industry) was made by cutting 
an appropriate blank from a sheet, score cutting the blank to 
form the desired fold lines, folding the blank into the shape 
of a french fry container, and adhering the ends of the folded 
blank using adhesive means to preserve the integrity of the 
container. Sheets having thicknesses of 0.25 mm, 0.3 mm, 
0.35 mm, 0.4 mm, 0.45 mm, and 0.5 mm were used to make 
the french fry containers. 

A frozen food box (such as those used by supermarkets to 
package frozen foods such as vegetables or french fries) was 
made by cutting an appropriate blank from a sheet, score 
cutting the blank to form the desired fold lines, folding the 
blank into the shape of a frozen food box, and adhering the 
ends of the folded blank using adhesive means to preserve 
the integrity of the box. Sheets having thicknesses of 0.25 
mm, 0.3 mm, 0.35 mm, 0.4 mm, 0.45 mm, and 0.5 mm were 
used to make the frozen food boxes. 

A cold cereal box was made by cutting an appropriate 
blank from a 0.3 nun thick sheet, score cutting the blank to 
form the desired fold lines, folding the blank into the shape 
of a cold cereal box, and adhering the ends of the folded 
blank using adhesive means to preserve the integrity of the 
cereal box. 

A straw was made by rolling a piece of a 0.25 mm sheet 
into the form of a straw and adhering the ends together using 
adhesion means known in the art. In making the straw, as in 
making each of the containers set forth above, it is advan- 
tageous to control the moisture content of the sheet in order 
to maintain the highest level of flexibility of the sheet The 
higher level of flexibility rninimizes splitting and tearing of 
the sheet. 

The containers were found to break down in the presence 
of water over time, with 1 day being the average time of 
disintegration. The excess waste material that is trimmed 
from the sheets when making the containers was easily 
recycled by simply breaking it up and mixing it back into the 
hydraulically settable mixture. 

The containers so made are set forth as follows, including 
the thickness of the sheet used to make each container: 





Container 


Sheet Thickness 


46 


cold cup 


0.3 mm 


47 


cold cup 


0.4 mm 


48 


clam shell 


0.4 mm 


49 


clam shell 


0.5 mm 


50 


french fry container 


0.25 mm 


51 




0.3 mm 


52 


french fry container 


0.35 mm 


53 




0.4 mm 


54 


french fry container 


0.45 mm 


55 


french fry container 


0.5 mm 


56 


frozen food box 


0.25 mm 


57 


frozen food box 


0.3 mm 


58 


frozen food box 


0.35 mm 


59 


frozen food box 


0.4 mm 
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-continued curling the top of the cup. Nevertheless, as above, curling is 

possible without mineral oil. The cup has all of the necessary 
properties of weight, strength, and water resistance for 
commercial use in the fast food industry, as well as including 
identifying information. 

Example 68 

Clam shell containers are made using the sheets made 
Example 64 10 accordin 8 to Examples 46-64. The sheets are tested to 

determine the optimum score cut depth which will allow for 
The procedures and equipment set forth in Examples the easiest bend, while at the same time leaving a hinge with 
46-63 are repeated in every respect except that a highly the highest strength and resilience. Score depths ranging 
inorganically filled mixture having the following compo- between 20% to 50% are tested, with a score depth of 25% 
nents is used instead of the hydraulically settable mixture: J5 yielding the best results. In addition, it is found that thicker 

sheets (0.4-0.5 mm) give a better score and yielded a 
stronger, more rigid clam shell container. 



Example 


Container 


Sheet Thickness 


60 


frozen food box 


0.45 mm 


61 


frozen food box 


0.5 mm 


62 


cold cereal box 


0.3 mm 


63 


drinking straw 


0.25 mm 



Perlite 1.0 kg 

^(Southern pine) O.S g E ^ 69 

Wta® ^ 15002 °5 kf 20 AclamsheU is made using the sheets of Examples 46-64, 

" £ * except that a triple reverse hinge is used. That is, a series of 



three score cuts are cut into the outer side of the clam shell 

The mica, fiber, Tylose®, and water axe mixed together in container. Because this decreases the distance that each 

a high shear mixer for 5 minutes, after which the perlite is individual score line has to bend, the resulting hinge can be 

added and the resulting mixture is mixed for an additional 5 25 opened and closed more times without breaking compared to 

minutes in a low shear mixer. The inorganically filled a single score cut hinge, 
mixture is men placed into an auger extruder and extruded 

through a die having an opening in the shape of a slit. The Example 70 

mixture is extruded into continuous sheets having a width of Co i d cups ^ according tQ ^ 46< 47^ ^ 64 m 

300 mm and a thickness of 6 mm. 30 passed through a commercia] wax coating machine. 

The sheets are thereafter passed between one or more whereby a uniform layer of wax is applied to the surface, 

pairs of reduction rollers in order to obtain sheets having The layer of wax completely seals the surface of the cup to 

final thicknesses of 0.2 mm, 0.25 mm, 0.3 mm, 0.35 mm, 0.4 moisture and renders it watertight, 
mm. 0.45 mm, and 0.5 mm, respectively. 

The hardened inorganically filled sheets have similar 35 Example 71 

qualities tothe hydaulicaUy settable sheets made in CoM ^ accordin tQ & les ^ 4? d M 

Examples 46-63, except that the exclusion of poroand rnade from sheets that are prLeated with starch. Ihis has the 

cement yields sh^^ effect of fl the ab tion rf „ ^ 

tatwfccharelessresistan^ cups, aJtto^gh over time mey wm water degmoable. 
are otherwise similar and can be processed into each of the 

containers set forth above, including a cold cup, clam shell, Example 72 
french fry container, frozen food box, cold cereal box, and 

drinking straw. Cold cups made according to Examples 46, 47, and 64 are 

coated with an acrylic coating using a line spraying nozzle. 

Example 65 45 Similar to the wax in Example 70, the layer of acrylic 

_ . coating completely seals the surface of the cup to moisture 

Example 63 is repeated in every respect except that the and reriders it watertight. The acrylic coating has the added 

sheet used to form the drinking straw has a thickness of only advantage mat it is not as visible as the wax coating. Because 

0.05 mm. The drinking straw formed in this example con- a thinner acrylic coating is possible, the cup looks almost as 

tarns approximately Vs the mass of the straw that is 0.25 mm 50 tf it is unc0 ate<l. The glossiness of the cup can be controlled 

thick, making it more suitable for the mass production of by using different types of acrylic coatings. 



disposable, single-use (hinking straws. 

Example 66 



Example 73 



55 Cold cups made according to Examples 46, 47, 64 are 

The inorganically filled sheets used to manufacture the coated with a commercially used melamine coating using a 

containers in Examples 46-64 are printed using conven- fine spraying nozzle. As in Examples 70 and 72, the layer of 

tional printing presses used to print conventional paper melarnine coating completely seals the surf ace of the cup to 

sheets. The ink is able to dry as fast or faster as compared moisture and renders it watertight. The melamine coating is 

to conventional paper sheets. The printed sheets could then ^ also less visible and could be applied in a thinner coat 

be formed into any of the containers listed above. compared to the wax coating. The glossiness of the cup can 

be controlled by using different types of melamine coatings. 

Example 67 

A printed inorganically filled sheet obtained in Example Example 74 
66 is formed into the shape of a cup according to the 65 Cold cups made according to Examples 46, 47, and 64 are 
procedure set forth in Example 46, except that the top rim is coated with a totally environmentally benign coating con- 
treated with a mineral oil lubricant prior to the step of sisting of a mixture of hydroxymethylcellulose plasticized 
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with polyethylene glycol. This coating completely seals the 
surface of the cup to moisture and renders it watertight 
However, the surface looks even more natural and less 
glossy than cups coated with wax, acrylic, or melamine. 

Example 75 

Cold cups made according to Examples 46, 47, and 64 are 
coated with a totally environmentally benign coating con- 
sisting of polylactic acid. This coating completely seals the 
surface of the cup to moisture and renders it watertight. 



72 

-continued 



Example Coating Material 


93 


aciylic 


94 


melamine 


95 


plasticized hydroxymetiiylcellulose 


96 


polylactic acid 


97 


soy bean protein 



Examples 98-104 



Example 76 

Cold cups made according to Examples 46, 47, and 64 are 



Cold cereal boxes made according to Examples 62 and 64 
are alternatively coated with the same coating materials used 
to coat the cold cups in Examples 70-76. The results are 
coated with a totally environmentally benign coating con- 15 substantially identical to those achieved with the coated 
sistingof soy bean protein. This coating completely seals the cups, 
surface of the cup to moisture and renders it watertight. 

Examples 77-83 

20 

Clan shell containers made according to Examples 48, 
49, and 64 are alternatively coated with the same coating 
materials used to coat the cold cups in Examples 70-76. The 
results are substantially identical to those achieved with the 
coated cups. 25 



Coating Material 



wax 
starch 
acrylic 
melamine 

plasticized hydroxyroethylcellulose 
polylactic acid 
soy bean protein 



Example Coating Material 



77 


wax 


78 




79 


acrylic 


80 


melamine 


81 


plasticized hydroxymethylcellulose 


82 


polylactic acid 


83 


soy bean protein 



35 



Examples 84-90 

French fry containers made according to Examples 50-55 
and 64 are alternatively coated with the same coating 40 
materials used to coat the cold cups in Examples 70-76. The 
results are substantially identical to those achieved with the 
coated cups. 



Example Coating Material 



84 


wax 


85 


starch 


86 


acrylic 


87 


melamine 


88 


plasticized hydroxymethylcellulose 


89 


polylactic acid 


90 


soy bean protein 



Examples 91-97 55 

Frozen food containers made according to Examples 
56-61 and 64 are alternatively coated with the same coating 
materials used to coat the cold cups in Examples 70-76. The 
results are substantially identical to those achieved with the eo 
coated cups. 



Example Coating Material 

91 ~~ w^ «5 

92 starch 



Examples 105-111 

Drinking straws made according to Examples 63 and 64 
are alternatively coated with the same coating materials used 
to coat the cold cups in Examples 70-76. The results are 
substantially identical to those achieved with the coated cups 
with regard to the outer surface of the straws, although it is 
more difficult to adequately coat the inside of the straw in 
this maimer. 



Example Coating Material 



105 


wax 


106 




107 


acrylic 


108 


melamine 


109 


plasticized hydroxymethylcellulose 


110 


polylactic acid 


111 


soy bean protein 



Example 112 

The same mix design set forth in Examples 46-63 is used 
to manufacture sheets of varying thickness between 0.25 
mm and 0.5 mm. The mixing, extrusion, and rolling pro- 
cesses are in every way the same. Dry" sheets of each 
thickness are cut into circular shapes and formed into a paper 
plate using a commercial mechanical press fitted with a 
progressive die used to make such plates out of paper stock 
The details of the stamped inorganically filled plates stand 
out perfectly and are substantially similar in shape, strength 
and appearance compared to conventional paper plates. 
However, the inorganically filled plates are more rigid than 
conventional paper plates and, hence, possess more struc- 
tural integrity when food is placed on or within the plates. 

Example 113 

Dry sheets obtained in Example 112 are first wetted to 
contain 5% additional water by weight of the initially dry 
sheet before they are pressed into plates (keeping in mind 



45 



50 
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that the apparently "dry" sheets contain water within the 
inorganically filled matrix even when they feel dry and 
possess maximum stiffness). The added water helps the 
sheets become more flexible (i.e., higher elongation before 
rupture) which results in a plate that has a better impression 
and detail compared to conventional paper plates formed by 
the same process. In addition, the added water eliminates 
crimping by allowing the wetted sheet material to flow. The 
press is heated to 200° C. and the extra water evaporates 
during the very short press time (e.g., less than one second) 
through vent holes in the heated mold, yielding a dry product 
of higher stiffness than paper. 

Example 114 

Dry sheets obtained in Example 112 are first wetted to 
contain 10% additional water by weight of the initially dry 
sheet before they are pressed into plates. The added water 
helps the sheets become even more flexible, although the 
impressions and detail are comparable to the results of 
Example 113. As a result of adding extra water, the molding 
takes a little more time in order to drive off the extra water 
and form a plate that is substantially dry. It is found that the 
molding time can be reduced by increasing the temperature 
of the mold. The final product is stiffer than comparable 
paper plates. 

Example 115 

Dry sheets obtained in Example 112 are first wetted to 
contain 20% additional water by weight of the initially dry : 
sheet before they are pressed into plates. The added water 
helps the sheets become even more flexible than the sheets 
in Example 114 to the point where the molding process can 
be classified as a wet sheet molding process rather than dry 
sheet stamping. The resulting product is superior to a paper 
stamping process because there are no fold lines whatsoever 
in the pressed material. The final product is stiffer than 
comparable paper plates. 

Example 116 

Dry sheets obtained in Example 112 are first wetted to 
contain 30% additional water by weight of the initially dry 
sheet before they are pressed into plates. The added water 
helps the sheets become slightly more flexible than the 
sheets in Example 115, although the molding process and 
results are similar. The resulting product is superior to a 
paper stamping process because there are no fold fines 
whatsoever in the pressed material. Because of the extra 
water, the molding process takes a little longer than when 
less water is used to moisten the sheets. Heating the molds : 
to a higher temperature reduces molding times. The final 
product is stiffer than comparable paper plates. 

Example 117 

The processes of Examples 112-116 are repeated in every 
way except that a commercial acrylic coating is applied to 
one side of the sheets prior to their being pressed into plates 
as above. In the case where a sheet is remoistened. the water 
is sprayed on the side opposite the side onto which the , 
coating is placed. The coating provides the plates with a 
glossier surface and renders them more water resistant. 

Example 118 

The processes of Examples 112-116 are repeated in every 
way except that a commercial polyethylene coating is 
applied to one side of the sheets prior to their being pressed 



into plates as above. In the case where a sheet is 
remoistened, the water is sprayed on the side opposite the 
side onto which the coating is placed. The coating provides 
the plates with a glossier surface and renders them more 
water resistant 

Examples 119-125 

The processes set forth in Examples 112-118 are repeated 
except that the sheets are pressed into the shape of a bowl 
using a conventional press used to manufacture disposable 
paper bowls from paper stock. The inorganically filled bowls 
have a diameter of 5 cm and a depth of 3 cm. Because of the 
deeper impression and greater degree of bending and defor- 
mation necessary to form a bowl from a flat sheet, sheets 
having an added moisture content less than 10% yield some 
defects. However, the use of at least 10% added water gives 
a good product with better impressions, no folding and a 
smoother surface compared to bowls made from paper. 



Example 


Added Water 




119 


0% 




120 


5% 




121 


10% 




122 


20% 




123 


30% 


none 


124 


variable 


acrylic 


125 


variable 


polyethylene 



Examples 126-132 

The molding processes set forth in Examples 112-118 are 
repeated except that the sheets are pressed into the shapes of 
a two part breakfast platter, including a top and bottom half. 
35 The top half has a length of 20 cm and a depth of 3.5 cm, 
while the bottom half has a length of 21 cm and a depth of 
1.0 cm. Sheets having a thickness of 0.8 mm are used, 
yielding pieces which each weigh between 12-15 g. 
Although they are as similar in weight compared to existing 
40 breakfast platters used in the fast food industry, they are 
more rigid. 

The top and bottom halves are complementary in size and 
can be interlocked together to form a closed container using 
tabs on the sides of the top half and slots in the sides of the 
45 bottom half. The product is flexible enough that nonshatter- 
ing failure occurs when crushed. Those that are coated 
exhibited a synergistic effect between the coating and the 
inorganically filled matrix, wherein the product becomes 
stronger, tougher and more elastic before rupture due to the 
50 high elongation of the elastomeric coating. 





Added Water 


Coating 


126 


0% 




127 


5% 




128 


10% 




129 


20% 




130 


30% 




131 


variable 


acrylic 


132 


variable 


polyethylene 



Example 133 

A two-part breakfast platter is manufactured using the mix 
65 design set forth in Examples 126-132, except that instead of 
drying and then rewetting the rolled sheet, a wet sheet is 
directly molded into the shape of the breakfast platter. The 
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wet sheet is readily molded and results in very few surface results in less microdefects and more uniformity during the 

and structural defects. The breakfast platter made in this rolling process, 
example has a thickness of 0.5 mm and possesses similar 

weight and insulation properties as the platter made in the Example 136 

previous examples. 5 tjj C sheets made according to Example 135 are cut, 

Example 134 rolled, and glued into 10 oz. drinking cups using a commer- 

_ . , cial paper cup manufacturing machine. The cups are alter- 

Containers set forth above are placed in a microwave nativel ooated with a wax coatin in order t0 render ^ 

oven and tested for microwave compatibility; that is, they more wa terproof. 

are tested to determine whether the containers themselves, or 10 

the food items within them, become hot when a container Example 137 
and food are exposed to microwave radiation. In fact, the 

containers themselves will remain cool. Because of the low ^ inorganically filled mixture is made having the fol- 

dielectric constant of the material, all of the energy goes into lowing components : 

the food not the container. 15 

For the same reason, steam which may condense onto the Gypsum hemihydrate io~kg 

surface of the container during the initial stages of the p er iite 0.5 kg 

microwaving quickly revaporizes under further microwav- Tylose ® 0.075 kg 

ing. Therefore, when the food container is opened, no °f? 

condensed steam is on the surface of the container after the 20 ^ __f 

microwave process. Any excess steam comes out when the 

container is opened, leaving food which looks and tastes The gypsum, Tylose®, fiber, and water are mixed together 

better. This is in sharp contrast to polystyrene containers in a high shear mixer for 3 minutes, after which the periite 

which tend to accumulate large amounts of condensed steam is added and mixed in a low shear mixer for an additional 3 

on the container surfaces, thereby rendering a "soggy" and, 25 minutes. 

hence, less desirable food product In addition, polystyrene ^ is extruded int0 a sheet having a t^ ciliSSS of 

containers often melt if the food is heated too long. 6 mm and then rolled in order to reduce the thickness of the 

The specific heats of the inorganically filled materials, as sheets in steps to yield sheets having a final thickness 

well as the hydraulically settable materials, of the present 3Q ranging between 0.25 mm to 0.5 mm 

invention are relatively low, and having a low thermal ^ sheets m readU formed intQ an a G ^ ate food 

constant This aUows for less thermal conduction from the or b e contaJner J appropriate procedure set 

food to the container during die microwave process. It is form ^ Ms Specffication . ^ strength m mm _ 

possible, therefore, to remove the container from the micro- ble to containers ^ using other ^ My be 

wave without burning the hands. After the container is use ful in the place of, e.g., paper paperboard, or polystyrene 

removed from the microwave oven it slowly warms (by containers >±-±- r j j 
absorbing some of the heat within the food) but never 

becomes too hot to touch. Example 138 

Example 135 Any of the inorganically filled mix designs is altered to 

Flat paper sheets suitable for manufacturing a wide van- 40 include about 25% gyP sum hemihydrate by weight of the 

ety of food and beverage containers are manufactured from negate. The gypsum acts as a water absorbing component 

an inorganically filled mixture containing the following- (oT eternal drying agent) and results in quicker form sta- 
bility. The strength properties of containers formed there- 
from are comparable to mixtures not including gypsum. 



Periite 0.6 kg 

Hollow Glass Spheres (<0.1 mm) 1.0 kg Example 139 



Mica 1.0 kg 

Fiber (Southern pine) 0.25 kg Any of the inorganically filled mix designs is altered to 
Tylose ® fl 15002 o.2 kg include about 25% pcrtland cement by weight of the aggre- 
Water 2-5 50 gate. The pcrtland cement acts as a water absorbing com- 
ponent (or internal drying agent) and results in quicker form 
The mica, fiber, Tylose®, and water are mixed together in stability. In addition, the portland cement improves the 
a high shear mixer for 5 minutes, after which the periite and internal cohesiveness of the moldable mixture, which 
hollow glass spheres are added and the resulting mixture is improves the workability and form stability of the mixture, 
mixed using low shear. The mixture is extruded using an 55 Finally, the portland cement improves the strength and 
auger extruder and a die into a sheet 30 cm wide and 0.6 cm increases the stiffness of the final hardened product Also, it 
thick. The sheet is passed successively between pairs of reduces the flexibility of the product to some degree, 
heated rollers in order to reduce the thickness of the sheet to 

between 0. 1 mm and 2 mm. Example 140 

As a result of the lower specific surface area of the glass 60 Inorganically filled sheets using any of the mix designs set 

spheres (200-250 m 2 /kg) compared to periite, the mixture of forth above are used to manufacture printed reading 

Example 135 yields a product with a more uniform thickness materials, such as magazines or brochures. Such magazines 

and improved surface finish compared to the mix design of and brochures contain both thinner, more flexible sheets, as 

Examples 46-63. The reduced specific surface area of the well as thicker, less flexible sheets. The thinner, more 

aggregates reduces the amount of moisture that is removed 65 flexible sheets have a thickness of about 0.25-0.05 mm, 

when contacting the heated rollers. The material, therefore, while the thicker, less flexible sheets have a thickness of 

remains more moldable, retains the optimum rheology, and about 0.1-0.2 mm. 
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78 



Using any of the foregoing compositions, corrugated 
inorganically filled sheets containing a fluted inner structure 
sandwiched between two flat sheets are formed. The flat 5 
outer sheets are formed by rolling the material into a flat 
sheet of the appropriate thickness. The corrugated, or fluted 
inner sheet (which is similar to the fluted or corrugated inner 
sheet of an ordinary cardboard box) is formed by passing 
either a hardened or remoistened flat inorganically filled 
sheet of the appropriate thickness through a pair of rollers 
with intermeshing corrugated surfaces or teeth. 

Glue is applied to the surfaces of the corrugated sheet, 
which is then sandwiched between two flat sheets and 
allowed to harden. The corrugated/sandwich sheet construe- 15 
tion had superior properties of strength, toughness, and 
rigidity compared to conventional corrugated cardboard 
sheets. 

Example 142 2Q 

Highly inorganically filled sheets were prepared and then 
coated with an external sizing to determine the effect, if any, 
on the strength and other properties of the sheets. The sheets 
were formed by extruding, and then passing between a pair 
of rollers, a moldable mixture containing the following: 



material slightly decreases the strength while moderately 
increasing the stiffness of the sheet 

Another of Sheet 3 was instead sized using a latex-kaolin- 
starch sizing (50% loading), yielding a sheet having a tensile 
strength of 10.86 MPa, a modulus of 1934 MPa, and an 
elongation before failure of 1.15%. 

Example 143 

Highly inorganically filled sheets were formed by extrud- 
ing and then passing between a pair of rollers a moldable 
mixture having the following components: 



Calcium Carbonate 


1.0 kg 


Hollow Glass Spheres 


0.5 kg 


Southern Pine 


0.4 kg 


Tylose « FL 15002 


0.4 kg 


Water 


2.1kg 







Specific Gravity 


Volume 


Calcium Carbonate 


0.5 kg 


2.5 


20% 


Southern Pine 


0.5 kg 


1.29 


38.8% 


Tylose ® FL 15002 


0.3 kg 


1.22 


24.6% 


Water 


1.0 kg 


1.0 


16% 


Total Solids 






83.4% 



The volume of the fibers with respect to the total solids 
volume was 46.5%. The sheet formed in this example was 
found to have a tensile strength of 56 MPa. 



A hardened sheet (Sheet 1) formed therefrom and having 
a thickness of 1 mm had tensile strength of 18.48 MPa, a 
modulus of 1863 MPa, and an elongation before failure of 
2.42%. Sheet 1 was then "sized" (or coated in order to seal 
the pores of the sheet) using an aqueous starch solution. The 
resulting sized sheet had a tensile strength of 21.83 MPa, a 
modulus of 2198 MPa, and an elongation before failure of ^ 
2.02%. This shows mat a starch sizing increases the tensile 
strength and stiffness of an inorganically filled sheet. 

A second hardened sheet formed from the above moldable 
mixture (Sheet 2) was found to have a tensile strength of 
21.21 MPa, a modulus of 2120 MPa, and an elongation 45 
before failure of 3.22%. Sheet 2 was then sized using an 
aqueous latex-kaolin sizing (70% loading). The sized sheet 
hadatensile strength of 18.59 MPa, amodulus of 3305 MPa, 
and an elongation before failure of 2.13%. This shows that 
a latex-kaolin sizing decreases the tensile strength while 50 
increasing the stiffness of an inorganically filled sheet This 
coating reduced the water absorption of the sheet to a more 
significant degree than the starch coating. 

Another of Sheet 2 was instead sized using a mixture of 
latex-kaolin-starch (70% loading) sizing. The sized sheet 55 
hadatensile strength of 15.31 MPa, amodulus of 3954 MPa, 
and an elongation before failure of 1.28%. This shows that 
a kaolin-latex-starch sizing decreases the tensile strength 
while increasing the stiffness of an inorganically filled sheet 
to a greater degree than a latex-kaolin sizing. go 

A third hardened sheet formed from the above moldable 
mixture (Sheet 3) was found to have a tensile strength of 
11.11 MPa, a modulus of 1380 MPa, and an elongation 
before failure of 1.86%. Sheet 3 was then sized using a 
latex-kaolin sizing (50% loading), yielding a sized sheet 65 
having a tensile strength of 10.78 MPa, a modulus of 2164 
MPa, and an elongation before failure of 1.62%. This sizing 



Example 144 

The mix design and sheet forming process of Example 
143 are repeated in every respect except that some of the 
, calcium carbonate is replaced with calcium oxide. This 
creates a binding effect as the calcium oxide is converted to 
calcium carbonate through the reaction with carbon dioxide 
and water. 

. Example 145 

Waste inorganically filled containers, as well as hydrau- 
lically settable containers, were composted along with waste 
food. After 4 weeks, the containers were completely broken 
down and resulted in compost which substantially resembled 
1 potting soil. 
IV, Summary 

From the foregoing, it will be appreciated that the present 
invention provides improved compositions and methods for 
manufacturing highly inorganically filled mixtures that can 
be formed into sheets and other objects presently formed 
from paper, paperboard, polystyrene, plastic, glass, or metal. 

In addition, the present invention provides compositions 
and methods which yield highly inorganically filled sheets 
which have properties similar to those of paper, paperboard, 
polystyrene, plastic, or metal sheets. Such sheets can be 
formed into a variety of containers and other objects using 
existing manufacturing equipment and techniques presently 
used to form such objects from paper, paperboard, plastic, 
polystyrene, or metal sheets. 

Further, the present invention provides the ability to 
manufacture sheets formed from moldable mixtures which 
contain only a fraction of the water of typical slurries used 
to make paper and which do not require intensive dewater- 
ing during the sheet forming process. 

In addition, the present invention provides sheets, as weE 
as containers or other objects made therefrom, are readily 
degradable into substances which are commonly found in 
the earth. 

Moreover, the present invention provides compositions 
and methods which make possible the manufacture of 
sheets, containers, and other objects therefrom at a cost that 
is comparable or even superior to existing methods of 
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manufacturing paper or polystyrene products. Further, such 11. A sheet as denned in claim 1, wherein the inorgani- 

methods for roanufacturing sheets are less energy intensive, cally filled matrix further includes an organic aggregate 

conserve valuable natural resources, and require lower ini- selected from the group consisting of seeds, starch granules, 

tial capital investments compared to the manufacture of gelatins, agar materials, and mixtures thereof, 

sheets from conventional materials. 5 12. A sheet as defined in claim 1, wherein the inorganic 

The present invention provides compositions and meth- aggregate includes an inorganic gel. 

ods for mass producing highly inorganically filled sheets 13. A sheet as defined in claim 1, wherein the inorganic 

that can rapidly be formed and substantially dried within a aggregate includes an inorganic material that is precipitated 

matter of minutes from the beginning of the manufacturing in situ. 

process. 14. A sheet as defined in claim 1, wherein the inorganic 

Further, the present invention provides compositions and aggregate comprises a polymerized silicate, 
methods which allow for the production of highly inorgani- 15. A sheet as defined in claim 1; wherein the inorgani- 
cally filled materials having greater flexibility, tensile cally filled matrix has a thickness less than about 3 mm. 
strength, toughness, moldability, and mass-producibility 16. A sheet as defined in claim 1, wherein the inorgani- 
compared to materials having a high content of inorganic cally filled matrix has a thickness less than about 1 mm. 
filler. 15 17. A sheet as defined in claim 1, wherein the inorgani- 
The present invention may be embodied in other specific cally filled matrix has a thickness less than about 0.5 mm. 
forms without departing from its spirit or essential charac- 18. A sheet as defined in claim 1, wherein the organic 
teristics. The described embodiments are to be considered in binder has a concentration in a range from about 1 % to about 
all respects as illustrative only and not restrictive. The scope 50% by volume of total solids in the inorganically filled 
of the invention is, therefore, indicated by the appended 20 matrix. 

claims rather than by the foregoing description. All changes 19. A sheet as defined in claim 1, wherein the organic 

which come within the meaning and range of equivalency of binder has a concentration in a range from about 2% to about 

the claims are to be embraced within their scope. 30% by volume of total solids in the inorganically filled 

What is claimed and desired to be secured by United matrix. 

States Letters Patent is: 25 A sneet 3:5 defined in claim 1, wherein the organic 

1. A sheet comprising an inorganicaUy filled matrix binder has a concentration in a range from about 5% to about 

including a substantially homogeneous mixture of organic 20% by volume of total solids in the inorganically filled 

binder and inorganic aggregate, and a fibrous material ma ^ x \ , 

substantially homogeneously dispersed throughout the inor- , . 2 }' shee ! as defi ?, ed m claml }\ wherem me or S anic 

ganically filled matrix, the organic binder being selected so bmder composes a cellulosic material 

§ . '. „ , . , & . . 22. A sheet as denned in claim 21, wherein the cellulosic 

from the group consisting of polysaccarides, protems, and material . g selected from ^ cons rf 



methylhydroxyethylcellulose, 



mixtures or derivatives thereof, the inorganic aggregate 

having a concentration in a range from about 40% to about nytooxymethVethylceUulose, 1 caAox^ethylcellidose; 
95% by weight of total solids in the sheet, wherein the me thylcellulose, ethylcellulose, hydroxyethylceUulose, 
inorganically filled matrix has a thickness in a range from 35 hydroxyethylpropylcellulose, and mixtures or derivatives 
about 0.01 mm to about 1 cm and degrades after prolonged thereof. 

exposure to water. 23. A sheet as defined in claim 1, wherein the organic 

2. A sheet as defined in claim 1, the inorganic aggregate binder comprises a starch or a derivative thereof, 
having a concentration in a range from about 50% to about 24. A sheet as defined in claim 23, wherein the starch or 
90% by weight of total solids in the inorganically filled 40 derivative thereof is selected from the group consisting of 
matrix. amylopectin, amylose, seagel, starch acetates, starch 

3. A sheet as defined in claim 1, the inorganic aggregate hydroxyethyl ethers, ionic starches, long-chain 
having a concentration in a range from about 60% to about alkylstarches, dextrins, amine starches, phosphate starches, 
80% by weight of the total solids in the inorganically filled dialdehyde starches, and mixtures or derivatives thereof, 
matrix. 45 25. A sheet as defined in claim 1, wherein the protein or 

4. A sheet as defined in claim 1, wherein the inorganic derivative thereof is selected from the group consisting of 
aggregate comprises at least two different aggregate mate- prolamine, collagen, gelatin, glue, casein, and mixtures or 
rials. derivatives thereof. 

5. A sheet as defined in claim 1, wherein the inorganic 26. A sheet as defined in claim 1, wherein the polysac- 
aggregate comprises individual particles that are size opti- 50 charide or derivative thereof is selected from the group 
mized in order to achieve a predetermined particle packing consisting of alginic acid, phycocolloids, agar, gum arabic, 
density of the aggregate. guar gum, locust bean gum, gum karaya, gum tragacanth, 

6. A sheet as defined in claim 5, wherein the particle and mixtures or derivatives thereof. 

packing density of the aggregate is at least about 0.65. 27. A sheet as defined in claim 1, further including a 

7. A sheet as defined in claim 5, wherein the particle 55 synthetic organic polymer dispersed throughout the inor- 
packing density of the aggregate is at least about 0.75. ganically filled matrix. 

8. A sheet as defined in claim 5, wherein the particle 28. A sheet as defined in claim 27, wherein the synthetic 
packing density of the aggregate is at least about 0.85. organic polymer is selected from the group consisting of 

9. A sheet as defined in claim 1, wherein the inorganic polyvinyl pyrrolidone, polyethylene glycol, polyvinyl 
aggregate comprises a lightweight aggregate selected from 60 alcohol, polyvinylmethyl ether, polyacrylic acids, poly- 
the group consisting of perlite, vermiculite, hollow glass acrylic acid salts, polyvinylacrylic acids, polyvinylacrylic 
spheres, porous ceramic spheres, lightweight expanded geo- acid salts, polyaciylimides, polylactic acid, ethylene oxide 
logic materials, pumice, and mixtures thereof. polymers, synthetic clay, latex, and mixtures or derivatives 

10. A sheet as defined in claim 1, wherein the inorganic thereof. 

aggregate is selected from the group consisting of clay, 65 29. A sheet as defined in claim 1, wherein the fibrous 
gypsum, calcium carbonate, mica, silica, alumina, sand, material has a concentration up to about 50% by volume of 
gravel, sandstone, limestone, and mixtures thereof. total solids in the inorganically filled matrix. 
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30. A sheet as defined in claim 29, wherein the fibrous 
material has a concentration in a range from about 5% to 
about 40% by volume of total solids in the inorganically 
filled matrix. 

31. A sheet as defined in claim 29, wherein the fibrous 
material has a concentration in a range from about 15% to 
about 30% by volume of total solids in the inorganically 
filled matrix. 

32. A sheet as defined in claim 29, wherein the fibrous 
material comprises organic fibers. 

33. A sheet as defined in claim 32, wherein the organic 
fibers are selected from the group consisting of hemp, 
cotton, bagasse, abaca, flax, southern pine, and southern 
hardwood fibers, and mixtures thereof. 

34. A sheet as denned in claim 29, wherein the fibrous 
material comprises inorganic fibers. 

35. A sheet as defined in claim 34, wherein the inorganic 
fibers are selected from the group consisting of glass fibers, 
silica fibers, ceramic fibers, carbon fibers, metal fibers, and 
mixtures thereof. 

36. A sheet as denned in claim 29, wherein the fibrous 
material comprises a mixture of different fibers having 
varying strengths and flexibilities. 

37. A sheet as defined in claim 29, wherein the fibrous 
material includes individual fibers having an aspect ratio 
greater man about 10:1. 

38. A sheet as defined in claim 29, wherein the fibrous 
material includes individual fibers having an average aspect 
ration of at least about 100:1. 

39. A sheet as defined in claim 1, wherein the fibrous 
material includes individual fibers having an average aspect 
ration of at least about 1000:1. 

40. A sheet as defined in claim 1, further including a 
coating material on a surface of the inorganically filled 
matrix. 

41. A sheet as defined in claim 1, wherein the sheet has a 
tensile strength in a range from about 0.05 MPa to about 70 
MPa. 

42. A sheet as defined in claim 1, wherein the sheet has a 
tensile strength in a range from about 5 MPa to about 40 
MPa. 

43. A sheet as defined in claim 1, wherein the inorgani- 
cally filled matrix further includes a hydraulically settable 
material. 

44. A sheet as defined in claim 43, wherein the hydrau- 
lically settable material is selected from the group consisting 
of a hydraulic cement, calcium oxide, and mixtures or 
derivatives thereof. 

45. A sheet as denned in claim 44, wherein the hydrau- 
lically settable material has a concentration great enough to 
impart a binding effect within the inorganically filled matrix. 

46. A sheet as defined in claim 1, wherein the inorgani- 
cally filled matrix has a maximum bulk density of about 2 
g/cm 3 . 

47. A sheet as defined in claim 1, wherein the sheet is 
laminated together with at least one other sheet. 

48. A sheet as defined in claim 47, wherein the at least one 
other sheet also includes an inorganically filled matrix. 

49. A sheet as defined in claim 47, wherein the at least one 
other sheet is selected from the group consisting of organic 
polymer sheets, metal foils, fiber sheets, ceramic sheets, 
ionomers, elastomeric sheets, plastic sheets, cellophane 
sheets, nylon sheets, wax sheets, metallized films, and 
combinations of the foregoing. 

5*. A sheet as defined in claim 1, wherein the sheet is 
corrugated. 

51. A sheet as defined in claim 1, wherein the sheet is 
creped. 
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52. A sheet as defined in claim 1, wherein the sheet 
includes an imprint. 

53. A sheet as defined in claim 1, wherein the sheet 
includes a score cut. 

5 54. A sheet as defined in claim 1, wherein the sheet 
includes a score. 

55. A sheet as defined in claim 1, wherein the sheet 
includes a perforation. 

56. A sheet as defined in claim 1, wherein the organic 
binder, inorganic aggregate, and fibrous material are initially 
dispersed in water to form an aqueous inorganically filled 
mixture, the inorganically filled matrix formed by removing 
a substantial portion of the water from the inorganically 
filled mixture. 

57. A sheet as defined in claim 56, wherein the water has 
15 a concentration in a range from about 5% to about 50% by 

volume of the inorganically filled mixture. 

58. A sheet as defined in claim 1, wherein the inorgani- 
cally filled matrix includes finely dispersed air voids. 

59. A sheet as defined in claim 1, wherein the fibrous 
20 material comprises individual fibers which have a substan- 
tially random orientation within the inorganically filled 
matrix. 

60. A sheet as defined in claim 1, wherein the fibrous 
material comprises individual fibers which have a substan- 

25 tially unidirectional orientation within the inorganically 
filled matrix. 

61. A sheet as defined in claim 1, wherein the sheet may 
be bent over an angle of up to about 90° without substantial 
fracture of the inorganically filled matrix. 

62. A sheet as defined in claim 1, wherein the sheet may 
be bent over an angle of up to about 1 80° without substantial 
fracture of the inorganically filled matrix. 

63. A sheet as defined in claim 1, wherein the sheet will 
fracture when bent over an angle greater than about 5°. 

64. A sheet as denned in claim 1, wherein the sheet will 
35 fracture when bent over an angle greater than about 45°. 

65. A sheet as defined in claim 1, wherein the sheet has 
been fashioned into a desired shape of an article of manu- 
facture. 

66. A sheet as defined in claim 1, wherein the sheet has 
40 been fashioned into a container. 

67. A sheet as denned in claim 1, wherein the sheet 
comprises a continuous sheet that has been rolled onto a 
spool. 

68. A sheet as defined in claim 1, wherein the fibrous 
45 material has a concentration in a range from about 0.5% to 

about 50% by volume of total solids in the inorganically 
filled matrix. 

69. A sheet comprising an inorganically filled matrix 
including a substantially homogeneous mixture of organic 

50 binder and inorganic aggregate, and fibers substantially 
homogeneously dispersed throughout the inorganically 
filled matrix, wherein the inorganically filled matrix has a 
thickness in a range from about 0.01 mm to about 1 cm, 
wherein the organic binder is selected from the group 

55 consisting of polysaccharide gums, proteins, cellulose-based 
materials, non-ionic starches, and mixtures thereof, and 
wherein the inorganic aggregate has a concentration in a 
range from about 40% to about 95% by weight of total solids 
in the inorganically filled matrix. 

60 70. A sheet as defined in claim 69, the inorganically filled 
matrix having a maximum thickness of about 1 mm. 

71. A sheet as defined in claim 69, wherein the organic 
binder, inorganic aggregate, and fibers are initially dispersed 
in water to form an aqueous inorganically filled mixture, the 

65 inorganically filled matrix being formed by removing a 
substantial portion of the water from the inorganically filled 
mixture. 
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72. A sheet as defined in claim 69, wherein the inorgani- 78. A sheet as defined in claim 74, wherein the sheet has 
cally filled matrix has a thickness of less than about 3 mm. a maximum thickness of about 3 mm. 

73. A sheet comprising an inorganically filled matrix 79. A sheet as defined in claim 74, wherein the sheet has 
including a substantially homogeneous mixture of organic a maximum thickness of about 1 mm. 

binder and inorganic aggregate, and a fibrous material 5 80. A sheet as defined in claim 74, wherein the inorganic 

substantially homogeneously dispersed throughout the inor- aggregate is selected from the group consisting of clay, 

ganically filled matrix, wherein the inorganically filled gypsum, calcium carbonate, mica, silica, alumina, sand, 

matrix has a thickness in a range from about 0.01 mm to , sandstone, limestone, and mixtures thereof, 

about 1 cm, degrades after prolonged exposure to water, and gl A ^ ag m ^ ?4 ^ ^ sheet faas 

l^^^X^^^ 10 been fashioned into an article of manufacture, 

inorganically filled mixture including: g2 A ^ rfsin an inorganically Med ^ 

an organic binder being selected from the group consist- indudijJ a substantia]ly homogeneous mixture of organic 

mgofpolysaccandes,prot e ms,andimxturesordenva- binder ^ iflQrganic agSfeff ^ ^ a fibrous material 

ves ereo , substantially homogeneously dispersed throughout the inor- 

an inorganic aggregate having a concentration in a range ganicaUy filled matrix, the organic binder being selected 

from about 40% to about 95% by weight of total solids from ^ consisti rf p^^, proteins , ^ 

in me inorganically filled mixture; 0J . derivatives ^ aggregate 

water; and having a concentration in a range from about 40% to about 

a fibrous material. 20 95% by weight of total solids in the sheet, wherein said 

74. A sheet as defined in claim 73, wherein the inorgani- inorganically filled matrix is substantially nonporous, and 
cally filled matrix has a thickness less than about 1 mm. wherein the inorganically filled matrix has a thickness less 

75. A sheet as defined in claim 73, wherein the sheet is ^an about 1 cm 

rolled onto a spool 83. A sheet as defined in claim 82, said sheet having a 

76. A sheet as denned m claim 73, wherein the inorgani- 25 mayirnnm of about 3 ^ 

caUyfiUed matrix is substantially rigid. 84. A sheet as defined in claim 82, said sheet having a 

77 A sheet compnsmg an morgamcaUy filled matrix 

including a substantially homogeneous mixture of organic „. . . ' ul \ . ~~ ..... 

WnH^r «U in^^n.v ,„a v fii, if* 8S - A sheet as defined in claim 82, wherem the inorganic 

binder and inorganic aggregate, and organic fibers substan- . . , . . . . _ fe , 

tially homogeneously dispersed throughout the inorgani- 30 " f*"** & ° m ^ 0U P consistm g ° f 

cally filled matrix, the organic binder being selected from gyP sum > calaum carbonate, mica, silica, alumina, sand, 

the group consisting of polysaccarides, proteins, and mix- 8 rave1 ' sandstone > limestone, and mixtures or derivatives 

tures or derivatives thereof, wherein the inorganic aggregate thereof. 

having a concentration in a range from about 40% to about 86. A sheet as defined in claim 82, wherein the sheet has 

95% by weight of total solids in the matrix, and wherein the 35 been fashioned into an article of manufacture. 

organic binder and organic fibers have a combined concen- 87. A sheet as defined in claim 82, wherein the sheet 

tration in a range from about 5% to about 60% by weight of comprises a continuous sheet that has been rolled onto a 

total solids in the inorganically filled matrix, and wherein spool. 

said inorganically filled matrix has a maximum thickness of 

about 1 cm ***** 
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[57] ABSTRACT 

The present invention relates to easy-open hermetically 
sealed single serving packages. The present invention relates 
in particular to a multi-layei film that is particularly adapted 
for use in individually sealed packages where increased 
storage life of the packaged product is desired. The present 
invention is also useful in packaging multiple individual 
servings together in a single overall package, so that when 
the overall package is opened, the individual servings are 
protected from oxygen and moisture. More particularly, this 
invention is concerned with a novel film used for packaging 
individual sticks of chewing gum so that the freshness of 
each individual stick of chewing gum or the like is retained 
for extended periods of time after the overwrap packaging 
has been opened. 

43 Claims, 3 Drawing Sheets 
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EASY-OPEN INDIVIDUAL SEALED SERVING 
PACKAGING 

This is a continuation of application Ser. No. 08/225,281 
filed Mar. 11, 1994 now abandoned. 

The present invention relates to easy-open hermetically 
sealed single serving packages. The present invention relates 
in particular to a multi-layer film that is particularly adapted 
for use in individually sealed packages where increased 
storage life of the packaged product is desired. The present 
invention is also useful in packaging multiple individual 
servings together in a single overall package, so that when 
the overall package is opened, the individual servings are 
protected from oxygen and moisture. More particularly, this 
invention is concerned with a novel film used for packaging 
individual sticks of chewing gum so that the freshness of 
each individual stick of chewing gum or the like is retained 
for extended periods of time after the overwrap packaging 
has been opened. 

BACKGROUND OF THE INVENTION 

In the past, considerable difficulty has been encountered 
in providing a satisfactory single serving package that 
maintains the freshness and storage life of the packaged 
product while also providing an easy open feature. The 
present invention is to a novel individually sealed package 
used for retaining the freshness of the product after the user 
opens the outer overwrap. In particular, this invention has 
been adapted to retain the freshness of each individual 
chewing gum stick or other products that are contained in a 
multiple item packet 

Chewing gum is merchandised in various forms. One of 
the most common and popular forms is the "stick'* gum. The 
present invention covers the unique packaging of stick gum 
and other individually packaged products. Today's sticks of 
chewing gum are usually "double" packaged by a two-fold 
process. First, the individual chewing gum sdck is wrapped 
by a folded inner wrap and then an outer sleeve is placed 
over the inner wrap. In essence, each individual stick of 
chewing gum contains two wrappers. The inner wrap mate- 
rial widely used for chewing gum is an aluminum foil/wax/ 
paper laminate or paper/wax laminate. As disclosed in U.S. 
Pat. No. 4.082,594 to Stonehouse, a problem that is encoun- 
tered with this laminate is that curling may take place due to 
too little or too much moisture content in the paper layer. 
This is caused by the ambient moisturizing of the air during 
the high speed wrapping of the "sticks" of chewing gum. 
The individually wrapped sticks of chewing gum are then 
packaged in layers, one above the other, in a packet form and 
secured by an outer overwrap. This outer overwrap contains 
a polymeric or metal barrier to moisture and/or oxygen 
material, which protects the contents of the package from 
moisture loss and extends the shelf life of the package. 
Barrier layers have been used in the food packaging industry 
for the packaging of oxygen sensitive or moisture sensitive 
products. Products such as chewing gum sticks deteriorate 
particularly if subject to moisture loss once the outerwrap is 
opened, as the sticks of gum become stale and dried out 
Other products, besides chewing gum sticks, deteriorate not 
only due to moisture loss, but also due to oxygen exposure 
once (he outerwrap is opened 

One additional problem encountered with today's chew- 
ing gum packages is that it is very costly to wrap the 
chewing gum first with a folded inner wrap, then with an 
outer sleeve wrap, and package the entire packet of chewing 
gum sticks in a sealed overwrap. This packaging method 
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also creates environmental concerns as it increases (he 
amount of wrapper material used and then discarded. The 
user unwraps the individual sticks of chewing gum from the 
inner and outer sleeve wraps and disregards the individual 
5 wrappers and, after finishing the last stick, disregards the 
overall wrapping. The present invention permits the reduc- 
tion of the amount of packaging required to a sealed indi- 
vidual package wrapped with an overall outerwrap as the 
outer sleeve wrap for each stick may. if desired, be elimi- 

io nate<1 

An additional problem encountered by the user is that 
when the current package of gum sticks is opened, the outer 
barrier material is removed, exposing the individual gum 
sticks which are packaged by the folded innerwrap to 
possible moisture loss. This exposure to oxygen and mois- 

15 ture decreases the freshness of the product which in turn 
decreases the storage life of the individual gum sticks. Most 
jumbo packages of chewing gum contain fifteen or more 
sticks, hence while the first few sticks are fresh when the 
pack is opened, the remaining sticks packaged by a folded 

20 inner sleeve, become stale and hard due to constant exposure 
to the atmosphere when left in the user's pockets or out on 
a table. This problem is particularly noticeable in sugarless 
gums, and particularly those gums that are stored in a dry 
atmosphere, i.e. an atmosphere having less than from 50 to 

25 60% relative humidity. In a dry atmosphere with low relative 
humidity, moisture passes from the gum to the atmosphere 
thereby causing the gum to lose its freshness. Individual 
sticks of chewing gum prepared and stored, for extended 
periods of time, even at room temperature, tend to lose their 

30 moisture and elasticity with the result that they become 
brittle and initially crumble when they are placed in the 
user's mouth. This known arrangement makes it virtually 
impossible to offer the prospective user the fresh quality, 
texture, appearance and feel when an open package of gum 

35 is not immediately consumed. Once the outer barrier wrap of 
the overall package is removed and the remaining sticks are 
continuously exposed to the atmosphere for long periods of 
time, the freshness of the gum is diminished. 

^ SUMMARY OF THE INVENTION 

It has now been surprisingly discovered that superior 
easy-open hermetically sealed individual packages may be 
prepared according to the present invention. One of the 
advantages of the present invention is that an individual 

45 hermetically sealed package having good oxygen and mois- 
ture barrier properties is provided for individual products 
that are sold as part of a multiple product package. Each 
individual package is comprised of a multilayer sheet mate- 
rial which provides longer storage life by preventing mois- 

50 ture evacuation from the individually packaged products. i.e. 
sticks of chewing gum The present invention provides an 
inexpensive easy open package for individually wrapping 
small products like chewing gum. Another advantage of the 
present invention is that each individually sealed package 

55 can if desired have the products' trademark and/or logo 
printed on the outside which eliminates the need for 
"double" wrapping the package with a separate printed outer 
sleeve of paper. The present invention provides a single 
package which can be provided with a printable outer 

60 surface and barrier properties to retain the fresh quality of 
each individual product The package of the present inven- 
tion improves the packaging of similar products known in 
the prior art by requiring fewer steps, thereby saving time 
and production costs. The packaging of the present invention 

65 does not require "double" wrapping, i.e. an inner foil/paper 
wrap and then applying an outer paper sleeve to individual 
products, such as sticks of chewing gum. 
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In the present invention, a multilayer film having first and FIG. 2 is a top view of the sheet material with a single 

second layers, and preferably a core layer there between, is laser scored line on one side. 

used to form a package. The package preferably has at least FK3. 3 is a top view of the sheet material with two laser 

one layer which is relatively impervious to the transmission scor e lines one on each side. 

of oxygen and/or moisture, at least one layer which is 5 ^ 4 fc , yiew rf me ^ ^rial formed int0 a 

sealable preferably by heat, and an easy-open feature formed scalcd cka showin a vertical c . fold wim a A le score 

by scoring or roughening the outer surface. The preferred ^ 

method of forming the easy open feature is laser scoring. ' . . 

. . , „ . , FIG. 5 is a top view of the sheet material formed into a 

The present mvention comprises an outer layer of either seakd ^ showi , vertfcal c . fold with , 

polyester, paper, oriented polypropylene or other suitable lu score jj ne 

material that can be scored. The outer layer of the laminate ,". .. , . . 

is preferably polyethylene terepthalate (PET). The inner ™ 6 18 a sldc v,ew of an fiftccn snck chewm 8 

layer of the multilayer sheet material, i.e. the layer in contact pac ge 

with the product, is preferably a sealable layer comprised of FIG. 7 is a side view of an opened fifteen stick package 

a polyolefin selected from a group consisting of copolymers « of chewing gum depicting the laser score line on the outer 

of ethylene such as ethylene methacrylate (EMA). low surface of •*» sealed ">ner package. 

density polyethylene (LDPE). ethylene vinyl acetate (EVA). FIG. » is a side view of an open fifteen stick package with 

blends of linear low density polyethylene (LLDPE) and three chewing gum sticks removed. 

EVA. blends of LDPE and LLDPE. and an ionomer such as 

that sold commercially under the trademark "Surlyn". The ™ DETAILED DESCRIPTION 
blends in the inner layer may be from 25% to less than 100% ^ mu ita a yer sheet material structure (10) used to fab- 
of low density polyethylene and greater than 0% up to 75% ricate me packages of me preset invention is shown in FIG. 
linear low density polyethylene. Alternatively, the inner L ^ mu itiiayer sheet material is comprised of an outer 
layer may be comprised of a blend of 25% to less than 100% layer (20). an inner layer (30), and a core layer (40). The 
of EVA and greater than 0% up to 75% linear low density 25 outer layef Qf mc sheet materia j ( 10 ) is compr ised of a 
polyethylene. The core layer of the multilayer film is a suitable polymeric materM preferably one mat has a certain 
barrier layer. The barrier can be either a metal foil, a thin stiffness, such as a polyester, an oriented polypropylene or 
layer of metal formed by vapor deposition, a vinylidene papcr ^ core ^ is a barricr Uya comprised of mate- 
chloride copolymer, MXD6. a xylene group-containing ^ suita bie for preventing the transmission of oxygen 
polyamide resin known as nylon MXD6, (available from 30 a n<l/or moistiire. The sheet material of the present invention 
Toyobo or Mitsubishi Gas Chemicals Company.) nylon or is scored or roug hened. preferably with a laser which cuts 
ethylene vinyl alcohol (EVOH). The preferred barrier mate- thorough the outer surface but not me core layer to provide 
rial is a metal layer formed by vapor deposition which is an an easy open feature. When a metal foil or a layer of metal 
inexpensive means for providing an oxygen and moisture formed by vapor deposition is used in the barrier layer, the 
barrier in a multi-layer laminate. Individually wrapping each « laser reflects off me mK layer (40) p^^ for a c]ean cut 
product or stick of gum in this multi-layer laminate elimi- (50) ^ me appropriate depth. Although only three layers are 
nates the need of having an oxygen and moisture barrier depicted in FIG. 1, additional layers may be included, i.e.. an 
overwrap. It is significantly less costly to wrap the individual adhesive or tie layer, or a primer layer. Additional layers may 
products in this laminate than it is to use a foil layer in the ^ include a layer to provide a suitable printing surface and 
outer wrapper of a jumbo chewing gum package. 40 one OT more layers on the printed layer to protect the print. 

In summary, it is an object of the present invention to The inner layer (30) of the sheet material (10) contacts the 

improve the packaging of individual gum sticks or the like product contained in the package and also serves as the seal 

so that they do not absorb significant quantities of moisture laver The i aver j s preferably comprised of polyethylene, or 

from the atmosphere or lose significant quantities of mois- copolymers of ethylene, for example, low density polyeth- 

ture to the atmosphere. This extends the storage life of the yleae . (LDPE). blends of linear low density polyethylene 

product after the user opens the package of chewing gum. (LLDPE) and LDPE, ethylene vinyl acetate (EVA), blends 

It is a further object of the present invention to decrease of LLDPE and EVA. and ionomers such as that sold com- 
the amount of time and packaging used to wrap individual mercially under the trademark "Surlyn". The inner or seal- 
chewing gum sticks and to reduce packaging costs by 50 able layer is selected preferably because it forms a good heat 
providing a single sealed primary package for each stick of seal. The heat seal allows the product, i.e. a chewing gum 
chewing gum. stick, to retain its freshness during the shelf life and after the 

It is still another object of the present invention to provide product's outer package has been opened by the user, 

the user with an easy-open feature by laser scoring the The outer layer (20) of the sheet material structure (10) of 

multilayer sheet material used to form the package for 55 the present invention may be comprised of a polyester, 

individually wrapping the chewing gum stick or the like. oriented polypropylene, paper or other material which may 

The invention, accordingly, comprises an article possess- be readily scored or roughened by mechanical means or by 

ing the construction, combination of elements, and arrange- a laser. The outer layer (20) is preferably comprised of a 

ments of parts which are exemplified in the following polyester such as polyethylene terepthalate (PET). The outer 

detailed disclosure. For a fuller understanding of the nature 60 layer (20) material may also be suitable for coating with a 

and objects of the invention, reference should be made to the thin layer of metal by means of vapor deposition, 

following description taken in connection with the accom- In another embodiment, a core layer (40) comprised of a 

panying drawings. barrier material is between the outer and inner layers (20. 

„ , T „„ 30). The core layer (40) is an oxygen and/or moisture barrier 

BRIEF DESCRIPTION OF THE DRAWINGS 6J comprised of a metal foil such as aluminum foil, polyvi- 

FIG. 1 is a sectional view of the multilayer sheet material nylidene chloride copolymer (PVDC) or ethylene vinyl 

of the present invention. alcohol (EVOH). The polyvinylidene chloride copolymer 
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may be a copolymer with vinyl chloride or an alkyl acrylate them, and heat sealing the perimeter of the two films or sheet 

such as methyl acrylate. The preferred barrier material (40) material so that the laser score lines are between the seal and 

is comprised of a thin layer of metal formed by vapor the product. The laser scoring can be a single line or more 

deposition, on the inner surface of the outer layer. preferably, it can be a double scored line wherein two 

There are numerous embodiments of the present invention 5 parallel laser scored lines in close proximity are used. The 

comprising different combinations of the various materials advantage of a double score line on the package is that when 

for each of the multiple film or sheet material layers. A folding the single sheet or aligning the two sheets of material 

preferred embodiment of the present invention is a sheet the score lines are less likely to be misaligned. In addition, 

material comprised of an outer layer of polyethylene the double score line makes it easier for the user to open the 

terepthalate (PET), oriented polypropylene nylon or paper. 10 package with the easy open tear feature. When a single film 

an inner layer of low density polyethylene, wherein a thin or sheet material is used to make the package, a single laser 

layer of metal is formed by vapor deposition on the surface score line can be used along the axis of the fold to facilitate 

of the outer layer that contacts uie inner layer of LDPE. making the C-fold. Additionally, other easy-open features 

When the outer layer of the film is laser scored, the laser cuts known in the art. such as a tear strip or tab features can also 

through the PET. When it reaches the metal surface formed 15 be used. 

by vapor deposition, the laser reflects off the metal to FIG. 2 shows a top view of the sheet material (10) of FIG. 

provide a good clean cut for easy opening of the package by 1 which has a continuous laser score line (60) along the 

the user. Another embodiment of the present invention is a entire length of one edge (10a) of the sheet material, 

multi-layer laminate comprised of an outer layer of oriented preferably disposed adjacent to the seal area between the 

polypropylene (OPP). an inner heat sealant layer of ethylene 20 seal and the contents of the package. The laser scores the 

vinyl acetate (EVA), and a core of a metal. In this outer layer (20) of the film or sheet material as shown in 

embodiment, the laser cuts through the oriented polypropy- FIG. 1. The laser scores the outer layer from the surface to 

lene layer to the core of metal. the barrier, but does not cut through the barrier. In a 

Another embodiment of the present invention is a package preferred einbodiment. the barrier is comprised of metal, and 

having a multilayer laminate comprising only two layers: an 2J the metal reflects the laser to provide a clean cut in the outer 

outer layer of polyester, oriented polypropylene, nylon or layer without affecting other layers of the structure. The 

paper, and an inner layer of a polyethylene or polyethylene laser scoring is performed preferably prior to folding the 

copolymer. The outer layer maybe metallized if desired. If film structure. 

metallized it is often desirous to coat the metallized surface FIG. 3 shows a top view of the sheet material (10) with 

with a primer of urethane or an iraine such as polyethylene 30 two parallel laser scared lines (60a. 6©*) in the outer layer 

imine. The outer layer of paper is suitable for laser scoring along opposing edges (10a. 19b) of the sheet material (10). 

and the paper also exhibits excellent deadfold properties. When the sheet is folded along a central axis parallel to the 

while the inner layer of polyethylene remains relatively laser scored lines (60a, 60f») so that the inner layer contacts 

unaffected by the laser and facilitates the formation of the itself, the laser scored lines should be substantially aligned, 

package. 35 The depth of the laser scoring will vary according to the 

In addition to the three layer structures detailed above, the sheet material structure, including the materials used and the 

multilayer laminate used in the package of the present thickness of each layer. In all of the embodiments of the 

invention may have additional layers. In some embodiments, present invention, the laser scoring should not score the 

a tie or an adhesive layer may be disposed on either side of barrier layer. 

the core layer. Suitable materials for such layers are known 40 FIG. 4 shows a top view of the sheet material as shown 

to the ordinary skilled artisan and may include, by way of in FIG. 2 that has been hermetically sealed along three edges 

example, anhydride modified polyolefins (e.g., graft copoly- to form a package (80). The package (80) has a single score 

mer of maleic anhydride and propylene wherein maleic line (60) in the outer layer of one of the package walls, 

anhydride moieties are grafted onto polypropylene chains), which is preferably adjacent to the seal (90) and between the 

ethylene acrylic acid copolymers, ethylene methyl acrylate 45 seal and the product. The package (80) has two opposing 

copolymers, blends or copolymers of polypropylene and walls formed by folding the sheet material (10) along a fold 

EVA. or other synthetic resinous materials. The selected lme (70) mat is perpendicular to me laser score lme (60). The 

adhesive should be stable for the conditions under which the fold line (70) is known as a C-fold and it forms one edge of 

packages of the invention are fabricated and used. For the package after the product is inserted and the three 

additional information on adhesives, reference is made to so remaining edges are sealed. The package hermetically seals 

U.S. patent application Ser. No. 07/458.489. filed Dec. 28. the product within and maintains the freshness of the stick 

1989 incorporated herein by reference. of chewing gum. The laser score line (60) is located between 

The hermetically sealed package of the present invention the seal (90) and the contents of the package to provide easy 

is formed by fabricating a multiple layer film or sheet opening thereof. 

material as disclosed above, scaring the outer layer of the 55 FIG. 5 shows a top view of another embodiment of the 

film or sheet material, (preferably with a laser) equidistant package made from the sheet material in either FIGS. 2 or 

from and along two opposing edges. C-folding the film or 3. The outer layer of sheet material (10) in FIG. 2 has a laser 

sheet material so that the fold is parallel to the laser scored scored along one edge (10a) and the outer layer of the sheet 

lines and heat sealing the three open sides after inserting the material (10) in FIG. 3 is scored along two opposing edges 

product so that the laser scored lines are between the seal 60 (10a. 19b). The package in FIG. 5 is formed by folding the 

and the product The sheet material of the present invention sheet material (10) along a central axis parallel to the laser 

can also be formed into a hermetically sealed package by score line(s) so that the inner layer contacts itself and the 

forming two films or sheets of material of the same size, opposing edges (70', 90') are aligned. When the sheet 

laser scoring the surface of the outer layer of one or both of material (10) of FIG. 3 is used, the laser score lines (60a, 

the sheets, positioning the two films or sheet materials so 65 60b) are substantially aligned. After a product is disposed 

that the inner surfaces are in face to face contact, the between the two package walls formed by folding the sheet 

perimeters are aligned and the product is disposed between material (10), the three open edges are heat sealed to form 
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a hermetically sealed package with the laser score line(s) 3.558330, 4.714,638, 4,842,791, 4379.117, and 4.804.510 
(60') between the heat seal and the product. The score line each of which is incorporated herein by reference. For 
(60') can be a single laser score line or a double laser score background on barrier compositions and articles made there- 
to') line and it provides an easy open tear strip. from reference is made to U.S. Pat. No. 5.281.360 which is 

Although FIGS. 4 and 5 disclose a package formed by 5 incorporated herein by reference. As to easy-open packages 

folding a single film or sheet material, anomer embodiment and closure, reference is made to commonly owned U.S. 

has two sheets of films or material with one or two score patent application Ser. Nos. 07/534.200 filed on Jun. 6. 

lines positioned with the inner layers face-to-face. After a 1900. 07/771.643 filed on Oct. 4. 1991, and 07/838.244 filed 

product is disposed between die two sheets, the four open on Feb. 12. 1992 and each incorporated herein by reference, 

edges are hermetically heat sealed to form the package. "> With respect to means for opening packages, or to laser 

FIGS. 6, 7 and 8 show the package of the present scoring, or to sheet material structures, reference is made to 

invention with an overwrap that forms a 15-piece chewing the following: 

gum package. FIG. 6 shows an unopened fifteen stick u.s. p a t. Nos. 3.313.642. 3.404.988, 3,608,815. 3.626, 

chewing gum pack with a known outer foil wrapper (85). 143.3.693.785.3.790,744.3.909.582,3.925.591.3,986.640, 

This wrapper may now be comprised of a less expensive 4 , 172 ,915. 4.217.327, 4236.652. 4356.375. 4.407,873. 

materMevenwimoutabarrierbe^ 4.543279. 4.549.063, 4.557.377. 4.571.340. 4.656.094. 

provides a barrier for each mdividuaUy -seated stickrf 4.762.514. 4.765.999. 4.778.058. 4.784.885. 

chewing gum (70). FIG. 7 shows that after the outer wrapper A7R8 105 4 808 421 4 834 245 4 880 701 

(85) is opened, the individual sticks of chewing gum are 4.785.937. 4-788.105. 4 808.421. 4 834.245, 4 88U /U1. 

exposed to oxygen and moisture in the atmosphere. As * 4.894.115. 4.934.245; and Japanese Utility Model Pubhca- 

shown in FIG. 7, the laser score lines (60) are at the open end tions Nos. 54-22484 and 5 1-48775. Reference is also made 

of the outer package (70) and the end seal (75) is folded. The to U.S. Pat. No. 4.681.781, German Patent Document 

upper portion of the outer wrapper (85) in FIG. 7 is removed 2803074, UL 973.109 and EPA 0357841. 

by a known tear strip. By applying a slight pressure the user Bowen. U.S. Pat. Nos. 3.909.502 and 3.709.444 Fry. U.S. 

can break the seal on an individual package at or about the paL No 3i62 6.143. Ang. U.S. Pat. No. 4,549.063. Josephy. 

score line to open the individual chewing gum package and ^ ^ No 4355 375 ^ Yoshida> u. s . PaL No . 4,752. 

remove the stick of gum. The score hne W Prides the and 

easy open feature of the present invention. FIG. 8 shows .... 

three of the individual sticks of chewing gum removed with « hereby incorporated herein by reference, 

the remaining twelve sticks protected from moisture loss by 30 Bowen, U.S. Pat No. 3,790.744 relates to forming one 

me individual packages. This allows unused sticks of gum to line of weakness in at least one but not all layers of a 

remain fresh after the package has been opened for a long multilayer structure by preferentially vaporizing with a 

period of time. beam of radiant energy a line in at least one layer which is 

As discussed above, a preferred embodiment of the no t the most proximate layer in relation to the source of 
present invention uses a three layer sheet material with an radiant energy. Bowen, U.S. Pat. No. 3.909.582. deals with 
outer protective layer and an inner heat sealant layer and a forming a line of weakness defining a tear path in a multi- 
barrier core layer. However, the sheet material may have . maielild ^ scoring with a beam ofra dian energy 
additional layers such as a tie layer or on adhesion layer. ^ ^ ^ in reladon t0 me source of ndilint 

The oriented polypropylene used in this invention, may be m energy 

oriented, by conventional processes, such as blown tubular ' „ . „„ . ., , , 

orientation" stretch orientation, or molecular orientation. U.S. Pat. No. 3 626.143. similarly relates to focusing 

In addition to using ink or an ink layer for printing on the a «*»»» of laser W u P° n a *omoptasttc substrate so 

individual chewing gum wrappers of this invention, other as to form a aa & e scoie - 

appropriate printing processes can be used, e.g.. a rewinder 45 The score line may be either a single line or a pair of 

which imprints appropriate characters into the film compris- parallel lines as disclosed in commonly owned U.S. appli- 

m g polymeric and/or thermoplastic material. The packages cation Ser. Nos. 07/720,121 filed on Jul. 1, 1991 and 

of this invention can be heat or adhesive sealed to provide 08/048.754 filed on Apr. 16. 1993. the disclosures of which 

a hermetic seal. It has been found that laser scoring the entire Me incorporated herein by reference. The score line may 

width of the package material, including across the area mat 50 extend aaoss ^ entjre surface of fte packages including 

is sealed, does not weaken or reduce the air-tightness of the me ^ of me end ^ 

package . Where the score is caused by a laser it is important not to 

Throughout this specification, reference is made to mul- , . * , . , 

tilayer structures, inner wrappers, film structures and sheet score too deeply in order to prevent premature rupturing of 

materials. These structures are the same thickness as con- 55 the package. In multi-layer sheet materials, the laser score 

ventional structures used for similar packaging applications. extends through the first layer and into the second layer for 

Typical thicknesses of films and film structures can range a two layered film. 

from about 0.25 mils to 2.0 mils preferably about 0.75 to As stated above there can be a plurality of score lines to 

about 1.5 mils. Films thinner than about 0.25 mils may not reader the package more easily opened The score lines can 

have the strength necessary to perform the required function. 60 ^ approximately Vie", '/«" or Vie" apart and naturally, the 

As to extrusion or coextrusion methods and apparatus for dist3ace may be varied to suit the sheet material and the 

making multiple layer sheet materials reference is made to $ ^ individual cka ^ xores m fer . 

and each incorporated herein by reference. For further 65 be two cuts or a series of cuts. 

background on films and apparatus for producing them. Having thus described in detail preferred embodiments of 

reference is made to U.S. Pat. Nos. 3,477.099. 4.755.402. the present invention, it is to be understood that the inven- 
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tion defined by the appended claims is not to be limited by substrate being adapted when sealed to form an air tight 
particular details set forth in the above description as many package and a second separate packaging substrate corn- 
apparent variations thereof are possible without departing pletely enclosed within said first packaging substrate, 
from the spirit or scope of the present invention. wherein said first and second packaging substrates are not 
I claim: 5 fixedly joined together and wherein said second packaging 

1. A packaging system adapted for packaging a product substrate forms a separate individually sealed package 
comprising a first packaging substrate said first packaging within said first packaging substrate said second packaging 
substrate being adapted when sealed to form an air tight substrate in contact with the product to be packaged com- 
package and a second separate packaging substrate com- prising a sheet having an outer layer of a material selected 
pletely enclosed within said first packaging substrate, to from the group consisting essentially of polyester, oriented 
wherein said first and second packaging substrates are not polypropylene, nylon; an inner layer of a polyolefin selected 
fixedly joined together and wherein said second packaging from the group consisting essentially of ethylene 
substrate forms a separate individually sealed package mefhaerylate. blends of low density polyethylene and linear 
within said first packaging substrate, said second packaging low density polyethylene and blends of ethylene vinyl 
substrate in contact with the product to be packaged com- 15 acetate and linear low density polyethylene, and ionomers; 
prising a sheet having a first layer, a second layer, and a and a barrier layer disposed between said outer layer and 
barrier layer disposed between said first layer and said said inner layer; and said sheet of said second packaging 
second layer, said second layer material selected from the substrate having an easy-open feature and said sheet of said 
group consisting essentially of polyester, oriented second packaging substrate having a thickness from about 
polypropylene, nylon and paper and said first layer of a 20 0.25 mils to 2.0 mils. 

polyolefin selected from the group consisting essentially of 16. A packaging system according to claim 15 wherein the 

ethylene methacrylate. ethylene vinyl acetate, blends of low barrier layer is a metal. 

density polyethylene and linear low density polyethylene 17- Apackaging system according to claim 16 wherein the 

and blends of ethylene vinyl acetate and linear low density barrier layer is a metal formed by vapor deposition, 

polyethylene, and ionomers, said sheet of said second pack- 25 18. A packaging system according to claim 15 wherein the 

aging substrate having an easy-open feature and said sheet easy-open feature comprises at least one score line on the 

of said second packaging substrate having a thickness from second layer. 

about 0.25 mils to 2.0 mils. 19. A packaging system according to claim 18 wherein the 

2. A packaging system according to claim 1 wherein the score line is formed by a laser. 

barrier layer is a metal. 30 20. Apackaging system according to claim 15 wherein the 

3. A packaging system according to claim 2 wherein the polyester is polyethylene terephthalate. 

barrier layer is a metal formed by vapor deposition. 21. Apackaging system according to claim 15 wherein the 

4. A packaging system according to claim 1 wherein the first packaging substrate has a tear strip to provide easy- 
easy-open feature comprises at least one score line on the opening of the first packaging substrate. 

second layer. 35 22. Apackaging system according to claim 15 wherein the 

5. A packaging system according to claim 4 wherein the scalable layer is a blend from 70% to less than 100% of low 
score line is formed by a laser. density polyethylene and greater than 0% up to 30% of 

6. A packaging system according to claim 1 wherein the linear lew density polyethylene. 

polyester is polyethylene terephthalate. 23. A packaging system according to claim 15 wherein the 

7. A packaging system according to claim 1 wherein the 40 sealable layer is a blend from 50% to less than 100% of low 
first packaging substrate has a tear strip to provide easy- density polyethylene and greater than 0% up to 50% of 
opening of the first packaging substrate. linear low density polyethylene. 

8. A packaging system according to claim 1 wherein die 24. Apackaging system according to claim 15 wherein the 
sealable layer is a blend from 70% to less man 100% of low sealable layer is a blend of from 25% to less than 100% of 
density polyethylene and greater than 0% up to 30% linear 45 low density polyethylene and greater than 0% up to 75% of 
low density polyethylene. linear low density polyethylene. 

9. A packaging system according to claim 1 wherein the 25. Apackaging system according to claim 15 wherein the 
sealable layer is a blend from 50% to less than 100% of low sealable layer is a blend from of 70% to less than 100% of 
density polyethylene and greater than 0% up to 50% linear ethylene vinyl acetate and up to 30% of linear low density 
low density polyethylene. 50 polyethylene. 

10. Packaging system according to claim 1 wherein the 26. Apackaging system according to claim 15 wherein die 
sealable layer is a blend from 25% to less than 100% of low sealable layer is a blend from 50% to less than 100% 
density polyethylene and greater than 0% up to 75% linear ethylene vinyl acetate and up to 50% linear low density 
low density polyethylene. polyethylene. 

11. A packaging system according to claim 1 wherein the 55 27. Apackaging system according to claim 15 wherein the 
sealable layer is a blend from 70% up to 100% ethylene sealable layer is a blend from 25% to less than 100% 
vinyl acetate and up to 30% linear low density polyethylene. ethylene vinyl acetate and up to 75% linear low density 

12. A packaging system according to claim 1 wherein the polyethylene. 

sealable layer is a blend from 50% up to 100% ethylene 28. Apackaging system according to claim 15 wherein the 

vinyl acetate and up to 50% linear low density polyethylene. 60 first packaging substrate contains a barrier. 

13. A packaging system according to claim 1 wherein the 29. A packaging system according to claim 28 wherein the 
sealable layer is a blend from 25% up to 100% ethylene barrier is a metal between the outer layer and the inner layer 
vinyl acetate and up to 75% linear low density polyethylene. of the second substrate. 

14. A film according to claim 1 wherein said second or 30. A multiple product packaging unit comprising a first 
sealable layer comprises low density polyethylene. 65 packaging substrate and a second packaging substrate, 

15. A packaging system adapted for packaging a product said first packaging substrate forming an outer wrapping 
comprising a first packaging substrate said first packaging around said second packaging substrate and said first 
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packaging substrate having a tear strip to provide than 100% of low density polyethylene and greater than 0% 

easy-opening of said first packaging substrate, up to 30% linear low density polyethylene, 

said second packaging substrate comprising individually 37. A multiple product packaging unit according to claim 

sealed packages, wherein each individually sealed 36 wherein the sealable layer is a blend from 50% to less 

package comprises an outer layer of a material selected 5 than 100% of low density polyethylene and greater man 0% 

from the group consisting of polyesters, oriented up to 50% linear low density polyethylene, 

polypropylene, nylon and paper; a sealable layer 38. A multiple product packaging unit according to claim 

selected form the group consisting of ethylene 30 wherein the sealable layer is a blend from 25% to less 

methacrylate. ethylene vinyl acetate, blends of low than 100% of low density polyethylene and greater than 0% 

density polyethylene and linear low density polycthyl- 10 up to 75% linear low density polyethylene, 

ene and blends of ethylene vinyl acetate and linear low 39. A multiple product packaging unit according to claim 

density polyethylene, and ionomers; and a barrier layer 30 wherein the sealable layer is a blend from 70% to less 

disposed between said outer layer and said sealable than 100% ethylene vinyl acetate and up to 30% linear low 

layer; and wherein each of said individually sealed density polyethylene. 

packages has an easy-open feature. 15 40. A multiple product packaging unit according to claim 

31. A multiple product packaging unit according to claim 30 wherein the sealable layer is a blend from 50% to less 

30 wherein the barrier layer is comprised of metal. than 100% ethylene vinyl acetate and up to 50% linear low 

32. A multiple product packaging unit according to claim density polyethylene. 

31 wherein the barrier layer is comprised of metal formed by 41. A multiple product packaging unit according to claim 
vapor deposition. 20 30 wherein the sealable layer is a blend from 25% to less 

33. A multiple product packaging unit according to claim than 100% ethylene vinyl acetate and up to 75% linear low 
30 wherein the easy-open feature of each of said individu- density polyethylene. 

ally sealed packages comprises a score line in said outer 42. A multiple product packaging unit according to claim 

[ ayer 30 wherein the second packaging substrate has a thickness 

34. A multiple product packaging unit according to claim 25 from about 0.25 mils to 2.0 mils. 

33 wherein the score line has been formed by a laser. 43. A multiple product packaging unit according to claim 

35. A multiple product packaging unit according to claim 30 wherein the sealable layer comprises low density poly- 
30 wherein the polyester is polyethylene terephthalate. ethylene. 

36. A multiple product packaging unit according to claim 

30 wherein the sealable layer is a blend from 70% to less ***** 




Designation: D 2732 - 96 



Standard Test Method for 

Unrestrained Linear Thermal Shrinkage of Plastic Film 
and Sheeting 1 

This standard is issued under the fixed designation D 1732; the Dumber immediately following the designation indicates the year of 
original adoption car, in the ease of revision, the year of last revision. A number in parenthtses indieates the year of tast reapproval, A 
superscript epsilon («) indicates an editorial change since the last revision or reapproval. 



1. Scope 

1.1 This test method covers determination of the degree of 
unrestrained Jbear thermal shrinkage at given specimen tem- 
peratures of plastic film and sheeting of 0.76 mm (0.030 in.) 
thickness or Jess. This test method does not cover shrinkage 
from loss of solvent in some materials. 

1 .2 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. it is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

Non 1 — 'this document is similar in concept to ISO/DfS 11501 . but it 
is unknown at this titne whether both methods give comparable result*. 

2. Referenced Documents 

2.1 ASTM Standards: 

D 618 Practice for Conditioning Plastics for Testing 2 

D 1204 Test Method for Linear Dimensional Changes of 

Nonrigid Thermoplastic Sheeting or Film at Elevated 

Temperature 2 
D 1898 Practice for Sampling of Plastics 2 
E 1 Specification for ASTM Thermometers 3 

3. Terminology 

3.1 Definitions: 

3.1.1 unrestrained linear thermal shrinkage (free shrink or 
shrinkage) — the irreversible and rapid reduction in linear 
dimension in a specified direction occurring in film subjected 
to elevated temperatures under conditions where nit or negli- 
gible restraint to inhibit shrinkage is present. It is normally 
expressed as a percentage of the original dimension. 



1 This tea method is under the jurisdiction of ASTM Committee D-20 on Ftastics 
and is the direct tespem&ibiljty of Subcommittee 020.19 on Film ami Sheeting. 

Current edition approved Sept. 10, PuWisised February 1997. Origmaiiy 
published as 0 2732 - 68 T Last previous edition D 2732 - 83 (198?)*', 

This revision has incorporated an ISO equivalency statement, a revised precision 
and bias statement, keywords, and some of the note material has been included in 
the text. 

J Annual HODk Dj ASTM SrandOKls. Vol 08 01. 
:l Annual Book of ASTM Standards, Vol 14,03. 



4. Significance and Use 

4.1 As a result of the manufacturing process, internal 
stresses may be locked into the film which can be released by 
heating. The temperature at which shrinkage will occur is 
related to the processing techniques employed to manufacture 
the film and may also be related to a phase transition in the base 
resin. The magnitude of the shrinkage will vary with the 
temperature of the film, 

4.2 Shrinkage of a particular material produced by a par- 
ticular process may be characterized by this test method by 
making measurements at several temperatures through the 
shrinkage range of the material. 

4.3 Following a characterization in a particular case, it is 
usually sufficient thereafter to measure shrinkage at only one 
selected temperature for purposes of process or quality control, 
or both. 

5. Apparatus 

5.1 Constant-Temperature Liquid Bath, capable of control- 
ling accurately to ±0.5°C. 

5.1.1 The liquid for the bath should not plasticize or react 
with the specimens. Poly(ethylene glycol), glycerin, and water 
have been found to have wide applicability. 

5.2 Thermometer — ASTM Thermometer 1 C conforming to 
the requirements as prescribed in Specification B 1, 

5.3 Square Metal Stamp, 100 by 100 mm, with engraved 
arrow indicating machine direction of film and stamp pad and 
ink, (The ink should not be soluble in the bath liquid.) 

nam 2 — A metal die or template (!QG by 100 mm) can be used instead 
of the square metal stamp. 

5.4 Free Shrink Holder—A holder designed for test of a 
single specimen, such as that shown in Fig. 1 and Fig. % 
Alternatively, a holder such as that shown in Fig, 3 may be 
used to immerse several specimens at a Sime. However, checks 
must be made to assure that contact among the specimens does 
not result in errors. 

5.5 Ruler, graduated in millimetres. 



Copyright © ASTM intemsBonaf, 108 tat Ha<tw Drtvs. PO Seat C7C0, West CflrtAohoekan, f* 1*88-2959, Unuad States. 
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- i/6' OIA. STAINLESS 
STEEL WIRE FRAME 



20 Go. HARDWARE 
CLOTH STAINLESS 
WITH i* GR!D 



TYP. 



MH. 8EN0 RAD. 




NOTE POCKET 



NOTE; 

5. {A) Cut harctwsfe cfott) 6* by 6vt. 

(4 Fom) et pocket to csrtfar oS cfotfi. 

(Q WSki doth to ftww as shown. 
2. Two required for assembfy. 

FIG. 1 Construction of Top end Bottom Grid Retainer* of Specimen Holder 



6. Test Specimen 

6.1 The test specimen shall consist of 100 by 100-mm 

samples. 

6.2 A minimum of two specimens is necessary for each test 
temperature, 

6.3 The material shall be sampled in accordance with 
Practice D 1898. 

7. Conditioning 

7.1 Conditioning — Condition the test specimens at 23 t 
2°C (73.4 ± 3.6°F) and 50 S 5 % relative humidity for not less 
than 40 h prior to test in accordance with Procedure A of 
Practice D 618, for those tests where conditioning is required. 
!n cases of disagreement, the tolerances shall tae± 1°C 
(±Lg°F) and ±2 % relative humidity, 

7.2 Test Conditions — Set the liquid bath temperature to 
w^in ±0.5°C of the desired temperature and allow to stabi- 



8. Procedure 

8.1 Stamp and cut out the stamped section of film. A small 
border of film may be left around the stamped area. 

8.1.1 As an alternative method, the specimens may be cut 
with a die or with the aid of a template. An edge of the die may 
be notched to designate film direction. 

8.2 Place the specimen in a free shrink holder such that it is 
free from contact with the edges of the holder. The holder 
should restrain the specimen from floating in the bath medium 
while allowing free circulation of the bath medium around the 
specimen. Multiple specimens can be tested but care should be 
exercised to prevent restraint between the specimens. 

8.3 Observe and record the temperature of fee bath before 
immersion of each specimen, 

8.4 Iimnerse the specimen in the bath for 10 s or a time 
determined to be sufficient for the material to come to thermal 
equilibrium and undergo maximum shrinkage. Do not hold the 
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LABORATORY TONGS 
(FISHER SCIENTIFIC CRUCIBLE 
TONGS NO.I5-I93) 



-WIRE FRAME WITH 
HARDWARE CLOTH 




Nore I— -Weld one wire frame to the inside of bo* aims of (he toags as 
FIG. 2 Assembly of Specimen Holder 




FIG- 3 Trough and Wlro Basket 



specimen over the bath prior to immersion, as it may result ia 
premature shrinkage or annealing, which may introduce an 
error. 

Nore 3- -immersion for 10 s has been determined to be generally 
adequate for most {Jjermoplastks of up to 0.05 mm {0.002 in.) thickness; 



however, for »ew or thicker materials, a different lime of immersion may 
be required to ensure maximum shrinkage at the temperature of interest 

8.5 Remove the specimen from the bath and quickly im- 
merse in a liquid medium at room temperature preferably 
miscibie with die bath medium. 
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8.6 After 5 s remove the specimen from the cooling medium 
id measure and record the linear dimensions of the specimen 
.. both the machine (longitudinal) and transverse directions. 

Note 4 — Caution: Avoid stretching the specimen, 

% Calculation 

9. 1 Determine the percent free shrinkage for each direction 
as follows: 

Uiuestrained linear shrinkage, % » KLq ™ I^l/I* ] X 100 (t) 



where: 

L$ » initial length of side(100 mm), and 
Lf ~ length of side after shrinking, 

Ntm 5 — If the material elongates, a negative number will result. 

Nora 6 — Since the original dimension is exactly 100 mm, the shrinkage 
may be read directly font the rule by placing the 1 00- ram mark on otse end 
of the line and reading millimetres opposite the other end of the hoc as the 
percent shrinkage. 

9.2 Sample Calculations: 

Initial length, = 100 ram (2) 

Leagth after shrinkage, » 75 ram (3) 

Unrestrained linear shrinkage, % » [{100 - 75J/10O] X 100 * 25 

(4) 
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1©, Report 

lOJ The report shall include the following: 
10. J. 1 Average percent linear free shrinkage in both direc- 
tions, machine (longitudinal) and transverse, 
10 A .2 Bath temperature, 

10.1.3 Complete sample identification, and 

10.1.4 Number of specimens tested. 

11. Precision and Bias 

11. 1 Precision— Round-robin tests between five locations 
have shown good agreement by this procedure with reproduc- 
ibility as shown in Fig. 4 and Fig. 5; however, the round-robin 
data is unavailable to calculate the parameters for a formal 
precision and bias statement 

1 1 .2 Bias — There are no recognized standards by which to 
estimate the bias of this test method. 

12. Keywords 

12,1 free shrink; plastics; sheeting; unrestrained linear 
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